The Ozarks Environmental and Water Resources Institute (OEWRI)
Missouri State University (MSU)

Baseline Study of PAH Sources and Concentrations in
Pond and Stream Sediments, Springfield, Missouri

Dr. Robert T. Pavlowsky
Ozarks Environmental and WatResources Institute,
Missouri State University
bobpavlowsky@missouristate.edu

Completed for: The City of Springfield

FINAL REPORT

October 302012

MISSOURI STATE UNIVERSITY

Missouri State.

U N I ¥V E R 5 I T Y

OEWRI EDR12-002


mailto:bobpavlowsky@missouristate.edu

TABLE OF CONTENTS

RS IO ] 2 = I S P 4
EXECUTIVE SUMMARY ..ottt et imees sttt e e e e s sstbaea e e s smme s e s ssstteseeeessnnssssessnnnneeeennns 5
INTRODUGCTION .....uiiiiiieiiiitiit e s emmme ettt e e e e e ettt e s emmt e e s e st e e e e e e e s asssssananseeeeeesanssnneeeaeas 7
IMETHODS . ...t ettt e e e ettt enet e e e e e e s bt e e ee e e e e e e s ss s anansseeeeeeeennstaeaeaeeesnsnes 15
Field SamPliNg.........oii e enr e aaan 16
SF= 10 0] 0] T o T I Tor= 4[] 1= 16

F= 10 0] 0] (=T O 0] =T 11 o P 16

AT Lo £ aT=To [0 =T = Lo 1= S SPP 17

= Lo To] = 1] YN = 1| S PSPURRT 17
F= 1] 0] LT e 1] o=V = (o) 1 PPPPR 17
PAH ANGIYSIS. .ttt ettt e e e e e e e e amt e et e e e e e e e e e e e e e e s e mnne e e e e e 17
SAMPIE TEXIUIE. ...t eeeea bbb e e 17
Ge0ChemMICAl ANAIYSIS.......coiiiiiiiit et eee et eere et e e e e e e e e e e e smmeeeeeeas 18
CarDONANAIYSIS. ...ttt e e eeer ettt e e e e e e e e e e e e e nnne e e e 18
Geospatial Databases and ANAIYSIS. .........ueeiiiiiiiiiieeeii e 18
GPS Data Collection and Sit€ Mapping.......ccoeeeeeiiiiiiiiicce e eees e 18
Watershed DeliN@AtION............uueeiiie i treer e e e e nnme e e e 18
Land Use ClasSifiCAtIQI..........ccuuuuiuiiiiiiireeeeeiiiiiiies et e e e e e e e e e e annnnnn s 18
Classification of Parking LOt SUMACES..........ccuuuiiiiiiiiieeeiiiiiiee e 19
Quality CONIOl ANAIYSIS. ... ...ttt e e e nnee s 19
Sediment Sample CharaCteriStiCS. . ..... ... i iiiiiiiii et 20
CoalTar Sealant on Parking LALS.........ccoouiiiiiiiiii e eeeee e e 21
Sediment ClassSIfiCatiQN........coooi et 22
RESULT S .. ttiitie ettt reeee ettt e e e e et e e e emme e e et e e e e e e e ess s tee e s ammt e e e e e ansteeaeeeeeeannsssannnes 23
PAH Detection and Relative ADUNAANCE............oooiiiiiiiiiee e 23
Y= T g o1 [T To T =1 1 (o] TSP SSPPPPPIN 25
SediMENt ClasS TrENAS........uuiiiiiiiiiiiiiiieee ittt e e e e e erer e e et et e e e e e e e e e e e e e s s ammmeaaeeeeeas 26
ENrChMENT FACIOLS ...t e e 26



Toxicity to SedimemDwelling OrganiSMS...........cooiiiiiiiiiiireer e 27

o] g To IST=To [0 L= o1 S I =] 0T £ SRR 28
Y= T0 10 1T T ST P 30
Organic Carbon and NULHENES.........cooiiiiiiiieieree e 30
Major and TraCe MELaAIS..........ooeiiiiiiiiiiie et e e e e e eenne s 31
PAH RALIOS. .. eceeeitiiitiiiiee sttt s s e e e e e e e e e e e s eeeeas s e s e e e aaeaeaaeeeeeeessstnnneeeeaaeeeeeeessssnnnnns 31
Relationships Among Sediment Composition, Geochemistry, and PAH Concentrat8hs
Parking Lot and PAH Assessment in Galloway Creek Watershed................ocoeeeeennnns 33
Parking Lot Areas and DistribUtiON............c..iii i e, 33
PAH Relationship with Sedloated Lot Ar€a..........cccuvuiiiiiiiiiiiemeiiiie e neee 33
PAH Ratios and Sedloated LOt Ar€a..........iiiiiiiiieeieiiceeeieiir e eeeeereee e 34
CONCLUSIONS. ...ttt eeret e e e e e e s e ens st e e e e e s e s s ba et e e e e e s smmne s sssaeaeaeeesennnnes 36
REFERENGCES.......oiiiiiiiiiiiiii ettt e et e e e et e e e e e e s s bt sannt e e e e e e snnstneaeeeeaaans 39
TABLES ...ttt ra—— et e e e e e e n—n———teaae e e e nrrrraaaeesannneaas 44
FIGURES . ... . ettt ettt e e ettt ent et e e e e s ettt e e e e e e e e s nneasssseeaeeeeasstaeeaeeesamnness 53
Appendix A. Sample SItENAracCteriStiCS........uuuuuuiiiiiiei e e eeer e 62

Appendix B. Particle Size Distribution and Carbon, Nitrogen, and Sulfur (CNS) Analy&§

Appendix C. Sample pH and Aqua Regia (AQ) Extraction andAEB Analysis (AgCu)... 68
Appendix D. Sample Aqua Regia (AQ) Extraction and-KES Analysis (F€S).................. 71
Appendix E. Sample Aqua Regia (AQ) Extraction and-KES Analysis (SKn)................ 74
Appendix F. Sample JRay Fluorescence (XRF) ANalysSiS.......ccccccoeiiiiiiiiicccd 77
Appendix G. PAH Data (Total SOlidE8) PYrene)...........cccuuueeeiiiiiiiieeeiiiiiieeeeeeeeeeee e 80
Appendix H. PAH Data(9)Benzo[alanthracenelTotal 16 PAHS)...........cccvviiiiiiiiiiaannnenn 83
Appendix I. Mean and Max Grain Size, Nutrieatsl Metals by Sediment Class............... 86
Appendix J. Parking lot sampling [0CatIANS............coooiiiiiiiiiii e 90
Appendix K. Examples of different parking [ot SUrfaces.............cccccvvvieemiiiiiiiiiiiiineneen. 96
Appendix L. Examples from aerial photo classification...............ccceovvecriiiiiiiee e 99



LIST OF TABLES

Table 1. Toxicity and Detection Limits for USEPA's 16 Priority PAHs and Selected Metéds

Table 2. PAH Concentrations by Sediment CIass.............oovvvviiiieeee e eee e 45
Table 3. Frequency Distribution of Relative Difference between Field Duplicates.......... 46
Table 4. Sediment Toxicity bSediment CIass............ccccuiiiiiiiimee e a7
Table 5. PartiCle Size TrendS......coocciiiiiiiiiiieee bbb e e e e e e e e e e e e e e e e e s smmmeeeas 48
Table 6. Carbon, Nutrients, and pH Trends...........oiii e 49
Table 7. Sediment Metal TrendS..........uuuuuiiiiie e eeeer e e e e e e e e eeeeeeeeananee 50
Table 8. Pearson Correlation Matrixes (k&g L0gio) for Selected PAHS ... 51
Table 9. Log PAH16 Regression EQUAtIQNS..........iiiiiiiii e cceeiieee e e eeeveeen e e 52

LIST OF FIGURES

Figure 1. Urban Samples Sites in the Springfield Area..............coooiiiice e, 53
Figure 2. Rural Sample Sites in Christian and Stone Counties..........cccccoevvieeeeeeveeeeeennnn. 54
Figure 3. Watershed Characteristics by Sediment ClassS.........cccccoeeeeececciiiiiiiii e 55
Figure 4. PAHs Trends by Sediment ClassS.........ccuuiiiiiiiiiiiemmeiiiiine e emmr e 56
Figure 5. Average PAH Concentrations in Pond Samples............ccccvviviiimeeiiiiiiviinienee. 56
Figure 6. Selected PAH RALOS.......cooiiiiiiiiii et 57
Figure 7. Galloway Creek Sample SILES........uuuuiiiiiiii e eeeer e e 58
Figure 8. PAHs Relationships to Sedloated LOt Area.........coooevveeiviiiiiiieeen e 59
Figure 9. Correlation of Seal€tbated Lot Area with PAHS..........ccccoiiiiiiiiiieee e 59
Figure 10. Correlation of Seak&tbated Lot Area with Metals............cccccoviiiiiieeecece e 60
Figure 11. PAH Relationships 8ealCoated Lot Ar€a...........ceeeeiiieiieiccececieei e 60

Figure 12. Reduction in Sediment PAH Concentrations Assuming No Sealed Parking. 6dts.



EXECUTIVE SUMMARY

Polycyclic aromatic hydrocarbons (PAHSs) pose an environmental hazard and health concern in
urban and industrial area®Vhile occurring naturally in the environment, the highest levels of
PAHSs occur imassociation with particulates froamthropogenic sourcesleased by thignition

of petroleum products and wood, erosion of road asphalt surfaces, andatiegrafiparkng lot
sealantgCrane et al., 2010From these sourcésey can enteurban streams by atmospheric
deposition and stornmvaterrunoff, sometimes at levelsigh enough to contaminate downstream
stream and pond sediments (Van Metral., 2000; Shi et al. 2005; Wilson et al., 2005; Hgva

and Foster, 2006)Elevated levels oPAHs are believed to cause cancer, genetic damage, and
newborn development problems in hurgaand can negatively affect aquatic life in stream
systemgATSDR, 1995.

Recently published and pemviewed studies shothe solution and erosion of cetar sealant
coatings on parking lots may represent the primary contamination source of PAHs to urban
streams (Mabhler et al., 2005; Van Metre et al., 2009 wethering or abrasion of cotdr
emulsions have been reported to produce contaminated sedimentipz | es (i . e. , HfApa
that are enriched in PAHs by 65 to 530 times those from adpdsd sealcoat, unsealed

asphalt, and concrete lots (Mahleakt 2005 & 2010; Van Metre et al., 2009; Mahler et al.,
2012). Giventhatthe reapplication frequency for cealr sealants on parking lots is 3 to 5 years,
coaktar sealant sources can provide a steady;femg souce of PAHs to the environment.
Although human healtts beyond the scope of this study, human exposure to PAHs frortacoal
sources is aoncern by government agenciéere is a relatively strong relationship between

the presence of coal tar parking lots near a residence and ttentration of coatar related

PAHSs in house dust (Mahler et al., 2010). Mbetary ingestion of B2 PAH carcinogens,
particularly benzo[a]pyrene, in house dust by children is much larger in residences next to coal
tar sealed lots compared to unseddesl and accidental uptake mexyceed published doses via
dietary ingestion (Williams et al., 2012).

The purpose of this study is to complete a basélwvestigationof PAH sources and
concentrations in urban stream and pond sediments in the City of S$gdnhifissouri. The

main question to be addressed by this study is: Are PAHs found in urban stream and pond
sediments at concentrations high enowghatse environmentaloncerns, and if so, to what
degree are codhr sealants the source of PAH contariorain the City of Springfield? Four
specific objectives will be used to address this questipAssess the degree of land use and
sediment source influence on PAH concentrations in sediment samples collected from urban
watersheds in Springfield?) Determine if coaltar coated parking lots represent a significant
source of PAHs to sediments and local waterway®etermine if other sources of PAHs are
responsible for thebservededimentontamination patterna addition to coaltar parking lots;



ard 4) Evaluate the implications of the findingdative to waters in the Springfield area that
have been designated as biologically impaired due to unknown toxicity.

A watersheebased approach is uskdreto evaluate PAH presence and sources in stredm an
pond sediments from within and outside the City of Springfield. rié#nods usethvolve: (i)
sediment sampling at different locations in the channel network including downstream areas as
well as points immediately below parking lots; (ii) GIS dataysialto determine watershed
characteristics, sampling locations, and street and parking lot source mapping; and (iii)
sedimentological and geochemical analysis of sediment samples to evaluate transport mobility
and source.

For this study, 72 sedimesamples were collected at 58 different sites inclgidih duplicate

samples Sediment samples were collected from stream channels, storm water basins, wet ponds,
and parking lots in the Springfield area in both urban and rural watersheds to evaluaatidhe s
variability of PAH contamination, sources, and transpatterns.Overall, 41 sites were located

in urban areawithin the city limits of Springeld (71% of all sites) anél sites were located in

urban and suburban areas in Greene County. hti@waldB rural area control sites were also

sampled to determine natural PAH levels with 1 site located in Christian County and 7 sites
located in Stone CountySediment samples for PAH analysis were proceBg&dEWRI staff

andwer e anal y z e @PrioriyrPAHSESEI AMaja and trace methlscertified

commercial laboratories.

Urban sediments in Springfield contain PAH concentrations at le¥elsologicalconcern.

PAHs were detded in urban sediments at all des examined within the City of Springfield or

in streams draining urban areas. Thirty six percent of the samples were in the threshold effect
concentration (TEC)angefor toxic effects on sediment dwelling organisimsn 1,610 ug/kg to
<22,800 ug/kg?AH;6 and 51%were found to be in the toxic range, exceedireggprobable

effects concentratiofPEC)of 22,800 ug/kg PAkE. Twelve Springfield sites (25% of the total
sampled) contain PAfd concentrations exceeding 5x the PEC. All of these high PECdsii

core urban areas that contain relatively large areas of roads and parking lots with a variety of
surface characteristics including ceal sealants and mixed sealed and unsealed asphalt lots.

Large commercial angksidential parking lots are a joasource of PAHs to streams and ponds

in Springfield. Sealed parking lots release pavement dusts and other PAH contaminated sediment
particles at concentrations almost two orders of magnitude higher compared to unsealed asphalt
and concrete parking lotSealed parking lots yieldestdimenPAH;s concentrations that are

148 timeshigher tharthose found in sediments from concrete parking #tgimeshigher than
unsealedisphalt parking lotsand 2 times higher compared to mixed sealed and unsealethlots

other words, unsealed asphaltkpag lots yielded on average a 97.6% decreéasediment

PAH;s concentrations in comparisonm toattar sealed lotsThe sealed parking lots evaluated in

this study are assumed to be etzalsealant based on a 20Q8ustry survey conducted by the
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City of Springfield Information from previous studies suggest that parking lots sediments from
coattar sealed lots contain PAH concentrations that are six times or more higher than those
found on asphalt sealed lots (Mailet al., 2005).

A moredetailedwatersheescaleanalysisshowedsediment PAH concentrations in the Galloway
Creek watershed are strongly related to the percent of upstream dragetfeahis covered in
sealed parking lotsA total of 382 individual parking lotsovering 6.6% of the total land area
weremappedwithin the Galloway Creek watershedf all the parking lots mappe@45 were
sealedparking lots representingl.2 % of the totgbarkinglot areaand 4.8% of the watershed
area A relationship between the percentage of sealed lot area (SLA%) and PAH
concentrationsvas developetb estimate the critical SLA% valdkat would cause exceedance
of thesediment toxicity guidelines. A SLA% value of about 3% is needed to hmeedB&C value
of 1,610 ug/kg PAKs and a SLA% value of 10% is needed to meet the PEC value of 22,800
ug/kg PAHg.

A regression model approach indicates thhain on parking lot sealantsutd decrease total

PAH concentrations in stream and pond sedirbgr@0-90%. The total parking lot area as a
percent of the drainage area abowamplingpoint (TLA%) was added intde regression
analysigto evaluate the effects of both sealed and unsealed parking lot areas on sediment PAH
concentrationsThe expandedodel explains almost 86% of the variance in PAH sediment
concentration using the predictor variables Log SLA%, Log TLA%, and Log organic carbon
content (OC%).In comparing the before and after scenarios for predicted PAH concentration
trends over totgbarking lot area by assuming a SLA value of 1% for all sites, the effect of a
reduction of sealed parking lots on sediment and pond sediments was dramatic. In general, total
PAH concentrations were predicted to decrease at parking lot sites by typ8&tyand
stream/pond sites by SD%.However,it is not expected that the effect of a ban on reduced

PAH levels in streams would be immediafEhe time for the sediment qualitg recoverto

predicted lower levels could tak® ears or more depending on the behavior of lcteyen

sources of PAHSs to the watershed includiigamountof PAHspresentlycontained omparking

lots within mobile sedimentgii) type, frequency, and rates of future resealang](iii)

remobilizaton rates of PAHs from contaminatedannel andiéodplain deposits

INTRODUCTION

Polycyclic aromatic hydrocarbor{f® AHs)occur atevelsof environmentahazardand health
concernin storm water andtream sediments manyurban and industrial areéBeasley and
Kneale, 2004Yan Metre & Mahler, 2005Vilson et al, 2005;Hwang and Foster, 2006;
Scoggins et al., 200 Belbig, 2009 PAHs are composed of two or more fused benzene
(aromatic) rings andsuallyoccur as complex mixtures of 100 or more related compounds
spanning a range of physical/chemipedperties (Neff et al., 2005Potentially hazardous
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concentrations of PAHsanaccumulate in stream and lake sediments due to pollution by human
activities PAH contamination of stream bed sedintedbeen shown to degrade
macroinvertebrateommunities Beasley and Kneale, 200Mgff et al., 2005Scoggins et al.,

2007). Further,acute or chroniexposurg¢o PAH contaminated soils, dusts, aaefosols may
cause cancer, genetic damage, and newborn development problems in (AINSPR, 1995

Crane et al., 2010

Recent studies have raisgaestions aboutew PAHsources andthcreased environmental
exposure riskgn urban watershed¥an Metre and Mahle2010; Mahler et al. 2012)While

the levels of some point and nonpoint pollutants such as nael®DT/DDEhave been
decreasing ifUS waterwayssince the 1970due to regulations on chemical use and improved
source controls, sediment PAH concentratioamge been increasing in urban watersheds, mostly
in the eastern half of the Unit&lates (Van Metre et al., 20802010, Van Metre and Mahler,
2005. While PAHSs can be released to the environment from a variety of urban sources, the
major contributor toancreasing PAH trends in urban streams reendinkedo increased coal

tar product use such as sealcoats on parking lots and other urban surfaces and the release of
weathered and abraded coating particles to streams (Mahler et al., 2005 & 2012).

Thepurpose of this studig to complete a baseline assessnoéAH sources and
concentrations in urban stream and pond sediments in the City of Springfield, Mi§3wairi.
City is concerned about the negative effects that PAHs maydmatlee environmentin

addition there are questions about how PAH levels in local stream sedimayke related to
reportedbiologicalimpairmentsand PAH concentratiann stream watein PearsonJordanand
Wilson CreekgURS Corporation 2010a & b)TMDL information steets describe impairments

within Springfieldr el at ed t o Aunknowno pollutants from

urban nonpoint sources (Jordan and Wilson Creeks), and unknown sources (Pearson Creek)
(http://www.dnr.mo.gov/env/wpp/tmdl/infp/Several other citieand stateg the USA have
already banned the use of ctal seal coat products to prevent excessive PAH contamination
(Crane et al., 2010; Mahler et al., 201However, PAH sedimémontamination trends have not
yet been investigated in Springfield.

In the City of Springfield, PAHs were previously detected in stream water during base flow and
runoff events in Wilson Creek, South Creek, Pearson Creek, and Jones Branch (Richards and
Johnson, 2002) and Pearson Creek and Wilson Creek (URS Corporation, 2010a & b). In
general, the frequency of PAH detection decreased downstream away from the city core. During
baseflow sampling, the most frequently detected PAHs among all the streagrisRiRéts,
phenanthrene (Phe) and anthracga), and HPAHS, fluoranthene (Fth) and pyrene (Py). In
South and Wilson Creeks during base flow, the detection frequency was relatively high for three
additional HPAHSs, benzo[a]anthracene (BaA), chrysene (@hd) benzo[b]fluoranthene (BbF).
However, during runoff event sampling, individual PAH detection frequencies and, to varying

n
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degrees, concentrations increased compared to base flow conditions. This trend was particularly
noticeable for HPAHs and probabigflected the higher concentrations of suspended sediment,
organicrich particles, and sedimehbund PAHSs present in storm water runoff. Richards and
Johnson (2002) found evidence of genotoxicity in all water samples evaluated and suggested that
the presnce of PAHs and volatile organic compounds might be the cause. They concluded the
report with a statement that water quality and aquatic environments in both Pearson and Wilson
Creeks are being degraded by urban derived contaminants (Richards and,J200&pn

One sediment sample collected by the Missouri Department of Natural Resources in August
1999 from the upper pond on Jones Spring Branch, a tributary to Pearson Creek, contained
PAH;s concentrations over 25,000 ug/kghis level maybetoxic to sedimentwelling
organismssince it is above the probable effects concentration of 22,800 ug/kgsPAH
(MacDonald et al., 2000While these previous studies identified PAH concentrations at levels
of potential concern in the urban watershedgdrg Springfield, no studies have yet tried to
determine the spatial patterns and sources of PAH contaminated sediment and how
contamination trends relate to harmful effects on aquatic life.

The main question to be addressed by this study is: Are P&hsl fin urban stream and pond
sediments at concentrations high enough to raise environmental concerns, and if so, to what
degree are codar sealants the source of PAH contamination in the City of Springfield? Four
specific objectives will be used to adds this question:

1) Assess the degree of land use and sediment source influence on PAH concentrations in
sediment samples collected from urban watersheds in Springfield;

2) Determine if coatar coated parking lots represent a significant source ofsRéldediments
and local waterways;

3) Determine if other sources of PAHs are responsible for the sediment contamination patterns
observed in addition to co#dr parking lots; and

4) Evaluatea scenario oflecreasedeal coat use in Springfiekthd potatial effects orthe
reduction ofstreamsediment PAH concentrations aassociatedoxic effects on aquatic
sediment dwelling organisms

Sources of PAHSs to the Environment
In generalthere are thregources of PAH# the environmenpetrogenicpyrogenic, and

diagenetic.Petrogenisources aréormed by the geochemical alteration of organic matter at
moderate temperatures (50 to dGPand pressusover geologic time scaléscluding releases



of petroleum products like tire particles, deteriorg asphalt or asphalt sealant, coal storage
piles and dust, and gasoline and oil spilyrogenicsources argenerated when fuels and
organic matter are incompletely combusted at high temperaturesS’G)40@r very short time
periodsincluding gasole combustion and exhaust, creosote treated lumber, combustion of
wood, oil, and coal, and the production of etzal coke, and asphalByrogenic PAHSs in
sediments, particularly when they are associated with combustion soot, often are more persistent,
less mobile and bioavailable, and less toxic (on a bulk sediment concentration basis) than
petrogenic PAHs (Neff et al., 2005Riageneticsources aréormed naturallyin recent
sedimentsy thedecomposition or burning ekgetationyvood coal or otherorganic materials
accoum i ng for | ow | ePAld toscentdtionsuthasnatgralgcourriago
peryleng(Crane et al., 2010).

Storm water runoff appears to be the largest source of both petrogenic and pyrogenic PAHs to
urban sedimentsThe most abundant PAHs in urban sediments hate¢ively high molecular
weights and contai#- to 6-rings (i.e., HPAHS), particularly the fluoranthene and pyrene isomers
(Crane et al., 2020 The most common low molecular weight PAHs withd@3-rings(i.e.,

LPAHS) in urban sediments are the anthracene and phenanthrene isoR#rs degrade more
rapidly and are washed downstream at a faster rate compared to KNP&Hsletre and Mabhler,
2010;USEPA, D11). HPAHSs tend to be less soluble in wateind more stronglyo sediment
particles, and last longer the environmen{Neff et al., 200k Acute toxicity tends to be a

greater risk with LPAHsnd sediment toxicity criteria tend to be lower or msiréct for this
group(Canadian Council of Minters of the Environment (CCME), 1988d2002 MacDonald,

et al.,2000. However, HPAHs may bassociated witimorechronichumantoxicity effects

since & of the ten HPAHs examined in this study are lisiegroup B2i pr oba bl e human
car ci no g &nitediStatesyEnvimimental Protection Agency (USERAvhile none of

the LPAHsarepresentilisted as a carcinogdrane et al., 20)(Table 1)

PAHsarereleasedo urban streams bgtmospheric deposition aistbrmrunoff from multiple
sources such asads parking lots rooftops,and industrial sitessometimest loadingsigh
enoughto contaminatelownstreanstream and pond sedimerdger long distances below the
source(Van Metre et al., 2000; Shi et al. 2008ilson et al., 2005Hwang and Foster, 2006).
PAH concentrations urban sedimestcan vary greatlgince differat types of combustioand
industrial processes yield differanputsand relativedistributions of PAHs Nonpoint sources
of PAHs can bewidespread andpecific input locationarehard to pinpoint within urbanized
areas. Wban runof typically includes PAHs fromautomobile exhaust, lubricating oitgasoline,
tire particleswood and coal smokand sootn both dissolved and particuldtems Point
source discharges from industrial sites suclwasd-treatment facilities where creosote is used
can also producelevated PAH levels istream sedimen(§Valker and Dickhtj 2001; Brenner
et al., 2002).
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Sediment Contamination andPAH Toxicity to Aquatic Life

Pavement dust particles in storm runoff originating from parking lots in urban areas contain very
high total PAH concentrations. Average PAH concentrations in suspended particulates in runoff
from parking lots in Austin, Texas we54,000 ug/kg for unsealed asphalt and concrete lots,
620,000 ug/kg for asphalt sealed lots, and 3,500,000 ug/kg fetaraadaled lots (Mahler et al.,
2005). The testing of dry pavement dust deposits from the same and additional parking lots in
Austinverified this trend (Mahler et al., 2010). comparison, stream sediments subjected to

urban storm water runoff in Austin contained 750 to 32,000 ug/kg total PAHs (n=7) (Scoggins et
al., 2007), decreasing in concentration by an order a magnitude ocomopared to levels

measured in pavement dusts in upstream parking lots (Mahler et al., 2010).

In general, PAH concentrations in stream sediments tend to decrease downstream away from
core source areas due to the effects of dilution by low PAH sedimelst fimen suburban and

rural areas, PAH decomposition and volatilization, and sedimentation of PAH contaminated
particles (Zhang et al., 2005; Van Metre et al., 2010). In stream sediments affected by urban
runoff to varying degrees, the average and maxinaiat PAH concentrations were: (i) 2,000

and 50,000 ug/kg for relatively small watersheds in Scotland (Wilson et al., 2005), (ii) 11,000
and 1,900,000 ug/kg in smatb mediumsized watersheds in Tianjin, China (Shi et al., 2005);
and (iii) 100 and 900 ukg in the middle and lower Yellow River in China (Li et al., 2006).

Total PAH concentrations were typically 10,000 ug/kg to 50,000 ug/kg in 10 reservoirs and lakes
from 6 different metropolitan areas in the United States, with a minimum and maximurd®f 2,7
ug/kg and 224,000 ug/kg, respectively (Van Metre et al., 2000).

Sedimentaxicity criteria are used for screening purposes to identify contaminated sites and to

predict the harmful effects #fAHs and other contaminants on bottdmelling organismsn

freshwater ecosystems (Burton and Landrum, 2003). In the US, PAH sediment toxicity criteria

most applied to aquatic systems were developed using the threshold concept based on the results

of both previous studies and verification experiments to deterthiaprobability of toxic effects
(MacDonald, et al.2000 . The Athreshold effect concentra
harmful effects are unlikely to occur and testing showed th&0%0 of the samples were

corectly classified as netoxic. The fdAprobabl e effects concentrat
which harmful effects are likely to occur and >90% of the samples were correctly classified as

toxic. Sediment toxicity criteria are published by MacDonald, e2@D@ for 11 of the 16

PAHSsincluded in this study and are reported herein in units of microgram per kilogram (ug/kg)

or parts per billion (Table 1)TEC and PEC values range from a low of 33 and 140 ug/kg for
Dibenz[a,h]anthracene (DahA) to a high of 423 to 2,230 ug/kg for Flumaat(Fth),

respectively, (MacDonald, et a2000Q. A higher risk of toxic effects is indicated by lower TEC

and PEC values. In addition to criteria for individual PAHs, total PAH limits are reported for
combined concentrations of 10 to 16 PAHSs in arsedt sample with a TEC of 1,610 ug/kg and
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PEC of 22,800 ug/kg (MacDonald et &Q00)(Table 1). Canadian sediment toxicity criteria for
individual PAHSs are set at similar levels as those found in MacDonald et al. (2000) (CCME,
1999 & 2002).

SedimentTransport of PAHsS

PAHsoccur inrelatively higher concentrations in suspended and bed sediments in urban streams
compared to the dissolved forms presdfar exampleHwang and Foste2006) showed that
theparticulate or suspended phase accounted for 68% to 97% of the total PAH transport during
storm runoff events in urban streams in Washington Di@ strong association of PAHs with
sediment particles is conttetl by both source and chemical factdfsom the startPAHs are
typically releasedo the urban environmeit particulate form from the ignition of petroleum
products and wood, erosionmfadasphalt surfaces, and abrasion of parking lot sealddatt (

et al., 2005Yang et al., 2008; Van Metrand Mahler, 2010). MoreovétAHs tend to have
relativelylow chemical solubility in water so thdtssolved PAHs will rapidlyind to fine

grained and/or organigch sediment#n storm watefEvans et al., 199@Bchorer1997 Neff et

al., 2005; Li efal., 2006; Shi et al., 2007; Gosh and Hawthorne, 20EO)owing, sediment

PAH concentrations are usually highest in streams and daasngdenseoad systems, heavy
vehicdar traffic areas, angetroleum/coal processing faciliti€¥an Metre et a).200Q Crane et

al., 2010). Thus, stream bed and lake bottom sediment sampling is an effective tool for pollution
source monitoring since PAH concentrations are (i) readily detectable at levels of c@icern,
persistent within the sediment for relativéong periods, and (iii) less affected by local factors
compared to water and suspended sediment samples (Shi et al., 00&)ver, combining
information on the geochemical trendshedijor and trace metinsedimend and sois sanples

can help to btterunderstand the source locatiarsd transport pattaysof PAHs inurban

sediments (Schorer, 1997; Wilson et al., 2005; Bentzen and Larsen, 2009).

Sedimentompositionitself canalsoinfluencethetransport and depositigratterns of PAHs in
streams and pondd.he size distribution of sediment particlemn affect PAH concentrations
since finer sedimen{silt + clay faction)generally have theapacity to bind contaminants at
higher rates compared toarser particleand fractionBentzen and Larsen, 2009). However,
sometimes the carbon content of the sediment is correlated with PAH concentration regardless of
particle size (Schorer, 1997; Shi et al., 200dng et al., 2008Yang et al., 2010; Ghosh and
Hawthorne, R10). Coalderived and other organic particles may contain the highest
concentrations of PAHs in the sedimdmit the most bavailable and degraded forms may be
preferentiallybound to the silt/clay fraction, and therefdreof potentially greater comeen

(Talley et al., 2002).The distribution of organic carbon can be bimodal in sediment samples
with peaks in both the finer silt and coarser ssimdfractiors, thus confusinghe particlesize

PAH concentration reletnship(Evans et al., 199(6chore, 1997.
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As expected given the strong relationship with organic mé#ess tend to accumulate in the
lower densityfractionof the bulk sediment composed of coal grains, soot particles, wood and
plant fragments, and coal tar pitch (Yang et al., 2008; Ghosh and Hawthorne, B641)50%
to 80% of the PAK in contaminated sediments carfdaend in the lowdensity fraction whik
accountdor only 3% to 5% of total sediment mg&xockne et al., 200%/ang et al.2008.
Erosion and depositiocharacteristics of lower density orgamich sedimentn urban streams is
poorly understooat present.Thus, it may be difficult to mag@ PAHcontaminated sediment
using conventional s#ing and transport mode(8Vilson et al., 2005Bentzen and Larsen,
2009). Further,organicrich sedimentdepositan bedisturbed and remobilizeanore easilyby
wind, runoff, and bieturbationcompared to mineraich sedimentpossiblymaking associated
PAHs moreavailableto biotain the process (Eggleton and Thomas, 2004).

Ratios betweespecificPAHs measured in sediment have been used to identify the different
sources of PAHs affectingveaterbody. For example, phenantne:anthracene ratio values <10
mayindicate pyrogenic sources (wood, auto emission, coal combustiahtaj while values
>10mayindicate petrogenic sources (crudeartl aspha)t(Neff et al., 2005) Similarly,
fluoranthene:pyrene ratios *ayindicate pyrogenic sources and mayindicate petrogenic
sources (Neff et al., 2005; Crane et al., 2010). PAH ratios can changemeue to
transformations in the environment. Runoff rates of PAHs are higheseftrahfew runoff

events after a new application of coat sealant and then decrease byftdeh with a shift to a
greater percentage of HPAHUSEPA, 2011). PAHs can degrdmereacting with sunlight and
other chemicals in the air over a period ofslayweeks (ATSDR, 1995; USEPA, 2011).
Microorganisms can break down PAHSs in soil or water after a period of weeks to months
(ATSDR, 1995), with faster decomposition rates occurring uneiest or wetaerobic conditions
(Boyd et al., 2005; Quantin et 2005). Thi s fAweat heringo process
concentrations of LPAHSs, resulting in the increase in relative proportion of HPAHSs in the
sediment (Van Metre and Mahler, 201®AH ratios can be affected by differential breakdown
of individual PAH @mpounds as well as other factors including sorting during aerial and fluvial
transport, evaporation/volatilization processes, and dissolution into water (Zhang et al., 2005;
Crane et al., 2000

Importance of Coalttar SealcoatSources

It is becoming increasingly evident tltatattar in surface coatings gfarking lotsmay represent
the primarycontaminatiorsource of PAHs tarban streams (Mahler et al., 208&n Metre et
al., 2009 Yang et al., 2010 Coattar road surfacing produdtgpically contain PAH
concentrations that are two orders of magnitude greater than aspi@hsphalt Institute in
Lexington, Kentuckyeportedotal PAH corentratiors average@4,000 ug/kgor 2.4%)for 12
differentasphalt cemensupplied by the Strategic Highway Research Library and Asphalt
Roofing Manufacturing Associatioilowever PAH concentratioawereover 2,300 times
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higherfor alow temperature coal taamplefrom South DakotéBlackburn et al.no datg.
Coattar basedealcoat producisontain about,000 timesnore PAHSs than sealcoat products
with an asphalt bagahler et al., 2005)n a study of US sealcoat productss USGS reported
that asphalsealcoat products contained 0.03 to 0.66% of 16 different PAHs @pAthile coal
tar sealcoat contained 3.4 to 20% PAHy dryweight (Mahler et al., 2005)The large
differences in PAH content betweermphalt and coatar sealcoats wemso found in the
sediment particleproduced by parking lotsThe weatheringf coattar sealcoats produced
surface sediments (i.e., pavement dastjched in PAHs by 65 to 530 timparticulate and dust
sampledrom asphalbased sealat, unsealed asphalt, and conctets (Mahler et al., 2005,
2010& 2012, Van Metre et al., 2009

Given the reapplication frequency for cdat sealants on parking lots typically raaf@m 3 to

5 years, coalar sealant sources can provide a steady;iemg ©urce of PAHcontaminated
sedimenbr pavement dugb nearby stream@ahler et al., 2012)In a study of storm runoff
from experimental parking lots with known composition and sealant historytazcsdaled
surfacsreleased 100 to 1,000 tismore PAHs taunoff thanasphaklcoated, uncoated asphalt,
and concretéot surfaces (USEPA, 2011 he composition of the contaminated sediment also
reflects the influence of carbon materials and-taatources for PAHs in urban waterways.
Total PAH concentrations were distributed among diffepanticle fractiors in acontaninated
fresh water harbor sediment in Utiddew Yorkas follows: 13,000,000 ug/ka coattar pitch
particles 4,100,000 ug/kgn coal/coke paitles,1,700,000 ug/kgn woodfragmentsand4,100
ug/kgin sand (Ghosh and Hawthorne, 2010).Fort Worh, Texas, coalar pitch was found to
be thedominant source of PAH® urban streams, contributing 99% of the PAHsdaled lot
dust, 92% in unsealed parking lot dust, and 71% in stream bed sediment (Yang et al., 2010).

The contaminating influence of abktar pitchparticlesand runoff from coatar parking lots can
be sgnificant even at the watershedale Increasing concentratiomms PAHsin lakesediment
corescollected from urban and urbanizing watershadbke eastern USAave beemelated to
expansion of urbaroadanddrainage networkandincreaseatoattar sealant useon parking lots
beginning in the 1Bs(Van Metreet al, 200Q Van Metre and Mahle£005 &201Q Crane et

al., 2010. However, trends for other contaminants including chlorinated hydrocarbons (e.g.,
DDT, DDE, PCBs) and metals (e.g., Pb, Zn, Cu) were found to decrease or not change during the
same period (Van Metre and Mah| 2005; Mahler et al., 2006).he dfferent cortamination
trends between PAHs and the other nonpoint pollutardsrscore the conclusion that cta
coated parking lotarea distinctand excessiveource of PAH contaminatian urban
watershed¢Mabhler et al.2005 &2012 Van Metre andahler, 20D0; Yang et al., 2010

Indeal, coaltar sealcoat sources camntribute onéhalf of the PAH contaminatioor moreto
stream and lakeediments in urban areasaentral southernand eastern US (Van Metre and
Mahler, 2010).
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There are few fieldtadies ofthe ecologi@l effects of coatar particles and related PAH
contaminated sedimentgiowever, it is expected that the probability for toxic effects would
increase since sedimerdntaminatedby coattar sealant particldéygpically containsPAH
concentrationstlevelsan order of magnitude or higher than similar inputs from other lot
surface types or urban sources (Van Metre et al., 280tBpugh the sample size was limited,
macroinvertebrate density and taxon richness decreased signifioalotly diorm water outfalls
draining coattar coated lots in both pool and riffle habitats as compared to upstream ciontrols
Austin, TexagScoggins et al., 2007)n a laboratory study whegguaticfrogswere exposed to
varying mixtures ofvaterandcod-tar sealer flakedife spans and development rates were
reduced at levels equivalent to 3,000 ug/kg total PAH concentrations and just above the TEC
published by MacDonald et al. (200@)vious lethal effects were measured at 30,000 ug/kg
(Bryer et al.2006). While the total PAH concentration is important, the concentrations of
specific contaminating PAHs may be more important for evaluating macroinverterbrate effects.
In Yorkshire,UnitedKingdom, the concentrations of benzo(b)fluoranthamhracene, and
fluoranthene in sediment correlated betteh ecological conditiothan total PAHgBeasley

and Kneale, 2004)Further, PAH contamination and macroinvertebrate effects \pataby
distributed in associationwifih i g h r i sde poinis m pfhe drainage metwork including
(i) commercial vehicle staging aseadjacent tonain road, (ii) on-street residential parking
areas, and (iii) street junctions at the bottom of hills where wates fepiily to stream channels
(Beasley and Keale, 2004).

Coalttar sealed parkintpts presenuniquePAH exposue pathways to humans than

potentiallyresult inchronictoxic effects.The pavement dust formed by ceat coat weathering

and abrasion is easily transportadrunoff, wind, and attachment to shoes and clodhsman

contact with coatar dust covered surfaces represents a poorly understood threat to human health
(Van Metre et al., 2009Y.here is a relatively strong relationship between the presence oécoal t
parking lots near a residence and the concentration ctaoalated PAHs in house dust

(Mahler et al., 2010). Nedietary ingestion of B2 PAH carcinogempsrticularly

benzo[a]pyrenan house dust by children is much largeresidences next tmaktar sealed lots
compared to unsealed lots actidental uptakmight exceed published desvia dietary

ingestion (Williams et al., 2012).

METHODS

In this study, avatersheebased approach ised toevaluate PAH presence and sostice

stream angbond sediments from withiand outsideéhe City of Spmgfield. The methods used
involve: (i) sediment sampling at different locations in the channel network including
downstream areas as well as points immediately below parkingiipGIS data analysit
determine watershed claateristics, sampling locatiorend street and parlgriot source

mapping; and (iilsedimentological and geochemical analysis of sediment samples to evaluate
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transportmobility and source.The concenttions of PAHs measured 8pringfield sediments
arecompared to publishddeshwater aquatisedimentoxicity criteria (MacDonald, et al.,
2000). Standard operatingrocedures (SOPs) for partickzeanalysis X-Ray flourescence
spectrometeranalysis andcarbonnitrogensulfur analyss usedfor this study are posted on the
OEWRI website ffttp://oewri.missouristate.edu/80056.Hhtm

Field Sampling

Sampling Locations

Sediment samples wecellectedfrom stream channels, storm water baswest ponds, and
parking lotsin the Springfield area in both urban and rural watersheds to evtieatstial
variability of PAH contaminationsource, andiransportpatterns (Figures 1 & 2; Appendix A).
Samping sites were selectday the City of Springfield staffisingdrainageand land use
information provided bxisting maps and aerial photograph$tream and pond sediment
sampling sites were selected to provid#istribution of sites along an urbaard gradient

within thedifferent watersheds in the study are&dditionalconsiderations for stream and pond
site selection included public access, proximity to roads or crossings, and avaitdbéditgnt
sediment depositsParking lot samplingieeswere selected based on visual interpretadion
2009aerial photographs and subsequesit inspections to identifgeatcoated(shiny dark
blue-black colorednd unsealedsphalidull gray coloredand concretéwhite-yellow brown
colored)parking lotsin centrd and southeastern Springfield good parking lofor sampling
purposesadthese characteristics: (i) good puldicd open accesgi) drainage areas with a
singleparking lot typeandwell-defined source areaand (iii) probabldocaions for
sedimentatiorsuch as in flat areas along lot edges, at breaks in slope below outfalls, or in trickle
channels within adjacestormwater basins.

Sample Collection

For this study, 72 sediment samples were collected at 58 different sites indlddinglicate
samplesollected within 2 m of the first samp(Eigures 1 & 2; Appendix A). Thmajority of

the sites were located in different catchment areas or separated by 300eanstters along the

same streamHowever, in some cases, individual sitgere separated by <100 m to evaluate

local variations irPAH deposition such as withemall pond (sites 23, 45, 1516, 1718, 19

20, and 2223) or at different locations within the drainage network such as above and below a
tributary confluence (sige89, 2431, and 3233). Overall, 41 sites were located within the city
limits of Springfield (71% of all sites), 9 sites were located in Greene County, 1 site was located
in Christian County, and 7 sites were located in Stone County.

Sedimensampledor PAHanalysiswverecollected n the field with ashovel andmmediately
placed intoanamber glass jeaind cappedA second split of the same grab sample was put in a
labeled plastic bag and seafmibr to preparation fomajor and tracenetak, nutriens (N,P,S)
carbon(total and organig)and particlesizeanalysisat the OEWRWwater and sediment
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laboratory located on the MSU campus in Temple Hallre was taken to collettte sanple

from grabmaterialthat did not contact the showlrface. Sample locationsiere marked by

GPS coordinateand mapped to check for watershed location (Figures 1 & 2)

Watershed Coverage

Urban watersheds sampled in this study include Jordan Creek (si26s&381), Wilson Creek

(sites 2730), South Creek (sitél13), Inman Creek (sites 4®)), Ward Branch (sites 42 & 46

47), Galloway Creek (Sites 48, 2123, & 3245), Jones Branch of Pearson Creek (sit¥ 2

and lower mairstem Pearson Creek (siteg6in GreeneCounty(Figure 1) Sedimensamples

were alsaollected fronsites locatedutside® ur ban i nf | uencongostoo pr ovi
check for natural or nearban source effects on PAH concentrations. Rural watersheds sampled
in this study include Spring Creek in Christian and Stone Counties $3#) and upper main

stem Pearson Creek in Greene County (sitdriiaddition, twobedsamples were collected from
impounded flow at the mouth of Sequiota Cave (Site2d)wvhichlater was found to contain

PAHSs levels similar to those from rural areas

Laboratory Analysis

Sample Preparation

Sediment amples for PAH analysis were processed wat,into glass jargacked in a cooler
with ice, and mailedo the commercial laboratolyy OEWRI staff Sample splits for textural
and geochemicalnalysiswere dried in an oveat 6(°C, disaggregated with mortar and pestle,
and put through a 2 mm sieve to remove oversize material. Dried samepéestoed in plastic
bags until subsequeanalysis.

PAH Analysis
All sediment samples collected wexrealyzed foUJSEPAG6s 16 Padcoodingtoy PAHS

USEPA standard meth@&®270Cby a certified commercial laboratory (EMSL Analytical, Inc.,
Westmont, NJJTable 1) PAH concentrationsra determined using gas chrongtaply and
mass spectrometryAnalytical error for the method is reported by the laboratory to be <20
percent diffeence for sample duplicate$he concentrations alelected®AHs measured in
sediments wereompared to publisheghjuatic sedimenbxicity criteria (MacDonald, et al.,
2000).

Sample Texture

The grainsize distributbn wasdetermined for each sample using laser diffractioalysisn the
OEWRI laboratorysee SOP dittp://oewri.missouristate.edu/80056.hinfPrior to analysis,
samples are pretreated with hydrogen perioxide to remove organic amattérerdispersed by
sodium hexanetagosphate solution using a sonicator
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Geochemical Analysis

Samples weranalyzed for 3%najor and trace metals includiegpper, lead, arsenic, and
mercury by hot strong acid extraction anductively coupled plasma atomic emission
spectroscopynalysis(ICP-AES) at a certified commercial laboratof&LS Minerals,
Winnemucca, NWsing method MHCP41m) Analytical error for the method is reported by
the laboratory to be <20 percent difference for sample duplidataddition, dry samples were
alsoanalyzed for metals and major elements bRRa§ Florescence (XRF) in the OEWRI
laboratory(see SOP dittp://oewri.missouristate.edu/80056.htrm\nalytical error for the
method is typically within 10 to 30 percent difference for sample duplicEtesconcentrations
of selected metals measured in sedimesmiecompared to published toxic criteria (MacDonald,
et al., 2000).

Carbon Analysis

Samplesvereanalyzed for total and organic carbon by combustion in a CNS Anatyzer
OEWRI laboratory(http://oewri.missouristate.edu/80056.htnAnalytical error for the méiod
is typically within 5 to 2(Qpercent difference for sample duplicates.

Geospatial Databases and Analysis

All Geospatial Information Science (GIS) database operations and analysis was completed by
OEWRI. The City of Springfield provided the 2009 aerial photographs and GIS layers
describing the storm water infrastructure network of the study &#eer GIS dtabases were
obtained from the OEWRI database or retrieved from the Missouri Spatial Data Information
Service (MSDIS).

GPS Data Collection and Site Mapping

Each sampling site was marked by a khaeltl geographic positioning systé@PS)receiver.
Sitelocations were verified, and corrected if needed]ibglayingthe field data over high
resolution 2009 aerial photography of the study area.

Watershed Delineation

Upstream drainage areas for the 4pamking lot sites were delineated using the Arc ldytiools
extension within ESRI AXOmAterdigital elevdti@n mGdédEM)s of t war
was used for processing. Watershed areagimipte sites draining parking lots were estimated
using the City of Spri ngfriineGISdthesaerial photo, end fieddt e r i
verification.

Land Use Classification
Watershed boundaries were used to calculate upstream land use conditions from a simplified 30
meter 2005 land use classification layer from the Missouri Resources Assessment Partnership
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(MORAP). The original 15 classes were simplified to five classesablri®rass/Pasture, Crops,
Forest, and Other.

Classification of Parking Lot Surfaces

Parking lots within the Galloway Creek watershed were mapped to evaluate the spatial
relationships btween sealeparking lot areas and sediment PAH contamamatFirst, all

parking lots within the watershed were visually identified and marked usmgh@esolution

aerial photography from 2009 supplied by the City of Springfi€ldrking lots were
distinguished from private driveways based on the size ddfaeent buildings, size and shape
of the lot, and the presence of painted parking sga¢sond, each lot was digitized by hand and
classified as ei t hAsphdt pakiagddisehdtoverosealeduldme e al e d .
identified by the dark blackolor of thesurface (Appendix). Unsealedasphalt parking lots
were distinguished frorsealed lots by their lighter gray colo@ther parking lot types classified
asunsealedncluded concrete, gravel, and dirt lotsots that contmed large sectiaof both
sealedand unsealedurfaces were divided into two or more polygonBinally, each parking lot
was attributed by size, which was used to calculate percent coveragenaitershed by each lot

type.

Quality Control Analysis

This studyusesguality control testing to insure that the results are interpreted coragctly
according to thaecientific principles

Duplicate testing Theprecision of sediment PAH measurements is evaluated by calculating the
relative percent difference (RPD%or duplicate samplesollected from within 2 nof one

another This statistic is useith determine the combidesampling and analytical error for PAH
concentratiormeasurementsTherefore, theampling erroreported in this study represents the
cumulative effect®f severalvariablesncludingsite factorsnaturalsedment heterogeneity, and
sample preparation, ard well asanalytical limitssuch as detection limits, standard precision,
and spike recovery

Ruralundisturbedtontrol sites Sediment samples acellected from outside of urban influence
to determine PAH characteristics for rural samples and to compare them to those from urban
areas.

Multiple urban source evaluatioRAH concentrations in sediment samples affected by sealed
parking lot samples are compareds&adiment samples from downstreaegmentsndolder
industrial areas to provide experimental controls for diffelem useeffects. In addition,
comparisonsrmong PAH concentrations and sediment properties from four different lot types
provide acontrolfor parking lot effectdor this study.If PAH concentrations do not vary among
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different land use and parking lot types, then sealed lots walde foundo be a distinct and
excessive source of PAHSs in the City of Springfield.

Statistical @ta analysis and modelin§tandard statistical practices will be applied during this
study. These methods will involve rigorous statistical checks and significanasumes upon
which to base confidence for conclusions.

Standard methodStandard methods and certified commercial laborataniébe used to
consistently collectprepare and analyzeedimensamples evaluated for this study

Geospatial error check&he accuracy of GHBased data and mapping is checked by combining

GPS field points with highesolution aerial photograph#n addition, site inspections are used to

Aigr oturnudt ho parking | ot classifications in Gall
photographs for each parking lot sampling site were collected at the time of saitgaiton

(AppendixJ). Additionalphotographs were collected during a third round of field checks in

January 2012AppendixK).

Sediment Sample Characteristics

To evaluate PAH trendasnd source areasediment samples were classified by sedimentation

area, location within the drainage network, and deposit type. Three sedimentasonerea

sampled n this study: streams, pofmedsasanyadraidagep ar Ki nc
channel where sediment has been deposited by flowing water during runoff events including
natural streams, constructed drainage channels, and camicideechannels imetention basins

A Apondo i s def i nedodatkathmldsywater pepnanentlyd \ehdre sedimeatr b
deposition occurs mainlyytsettling in relatively slow movingwateA @ p ar kisdefiged|l ot 0
as an area that is used to park vehicles and access relatively large commercial and residential
properties. 8dimentsamples were collected fratine edjes of the parking lot where sediment
deposition occurafter unoff events such as along the curb or grass lines and below lot outfalls
near inlet anautlet structures.

The location othe sample sitevithin the drainage network generallydescribedy the size of

the contributing catchment or watershed area above the sample point. Sediment samples

collected from smaller urban drainages typically indicate polligamnce effe@more

consistentlyard at higher concentrations than those collected farther downstream. Downstream

sites are influenced by multiple sources of runoff and sediment and thesedomeents will

containa mixtureof high and low pollutant concentration&s sampling sitéocaionsmove
downstreanmaway from core urban developmerdsinage areacreasesndconcentratbns of
urbansediment pollutants tertdd becomeprogressiveldilut ed by fAcl eaner 0o sedi
from the increasing proportion of lower source/andural arasin the watershedHowever,

some pollutants may increase or fluctuate in concentration downstream indicating a different
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sourceotherthan he urban core ars#argeted fothis study Some ¢her sources could include
industrial sits, road draimutfalls, or ontaminant inputs from tributaries draining urban areas
not sampled in the study

In this studyrecentsediment deposits5 years oldwere targeted for samplirig improve

correlations between contaminant signaturescantemporarypollution sourcesRecent

deposits are found in depositional aafteras that
oneor several storm runoff eventtn addition, finegrained sediments (<2 mm in diameter)

were collected for analyssnce PAHsmetals, and nutrients tend to accumulate in finer

sediment particlesRecent, finegraineddepositsvereunconsolidated, lacking vegetation

growth, andsometime®ccuredas distinct layers overlying older sqitgtificial surfacesor

seasonal leaf ligr. Stream bed and bar sedimarts typicallyremobilized and transported
downstreanby higher flows or floods that occur at least once or twice a year.

Channel and pond sediments were sampilau bed, bar, and benaeposits Bed sediments

occur on the bottom of the channel or pond. Stream bed samples for thisstadyllected

mainly during dry periods from ephemeral drainage ways or storm water bBsind.bed or

bottom sediments samples were collected from saftusd clay deposits within 5 m of the bank
edge. Medium and large stream sediment samples were typically collected from bar tail deposits
at the finegrained downstream end of gravel bars that are common to Ozark streams. Bars are
formed by the depositioof excess sedimeint a discrete sedimentary body on the bed or along
inside bends of stream channels. B&scare composed of firgrained deposits overlying

coarser gravel bar surfaces. Sediment accumulates on benches during floods with new sediment
being deposited overtop of oldayers. In this study, the sampling depthldenchdeposits was

<2 cm.

Parking lot sedimenta/ere sampledrom lot edges, inlestructuresand adjacent storm water
basinchannel beds. Sedimerdnaccumulatelong theedges of parking lots where curbs, grass
sad banks, and local unevennessia lot surfacémpounds runoffind slows flow velocity

Inlet structures that drain runoff from the parking lot surface to a nearby storm water basin can
form sediment depositsoth within and outsidehe culvert opening Sediment can collegist

inside the end of the pipehere water is dammed up behind a sod bank or drop structure
materialandalso immediately outside of the pipe where flow spreading and increased bed
roughness reduces flow velocitediments originating from parking lot surfaces can also
accumulate in th&ickle channel othe stormwater basin In this situation, the routg of the
sediment from the parking lot into and through the basin was checked to verify that the basin was
receivingthe entirerunoff and sediment load from the intended parking lot.

Coal-Tar Sealant on Parking Lots
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Parking lot surface type was relatively easy to deternmsngghigh resolution aerial

photography and field inspection. Seahted lot surfaces were easily distinguished from
unsealed asphalt and concrete surfaces. However, information on the tgpkaof ssedy the
applicdor for a specifigparking lot was not available. h&refore the determination of codr
sealant use on the parking lots examined during this study was based on information provided by
a previous 2009 survey by the City of Swjfield o coattar product sales and applicatiaithin

the city limits. The primarywholesaler of coalar and asphalt sealdarsthe Springfield area
responded that 85% of their salesagttar sealant and 15% is aspHadtsed sealaniWhile

some applicators may get their sealant from another source, we assutihesgraimbers

reflect what was being used in Springfield in 2009, the period which would influence sediment
contaminatiortrends being detected in 2011 by this stuBurvey responses from applicators
also seem to support the assumpttmat most, if not all, of the seabated parking lots for large
commercial and residential developments are primarily-teodlased.Oneof the largest
applicators in towmesponded that they apply 95% ctal sealant. Two other applicators also
responded that they apply cdal sealat 99% and 100%f the time. However, there were two
applicatorswho responded that theyly appy asplalt-based sealant and no céat sealants.
Nevertheless,igen the above information, the sealed parking lots evaluated in this study are
assumed to be primarily, if not entirely, ceoal based.

Sediment Classification

Given the characteristics of tsediment deposits and sampling locations described above,
sediment sampling sites were divided into four parking lot and six stream/pond classes.

Parking lotsamples were collected from sealatedots (assumed to be cotdr based as
discussed aboyemixed seakoatedandunsealedsphalt lotsunsealed asphalt Igtand
unsealed concretets. The samples collected in each parking lot class are destebed
(Figure 1;AppendixA):

Coaltar sealcoated bts (n=4; sites 32, 36, 442).
Mixed seal-coateddinsealed asphalbts (n=4; sites 35, 37, 45)
Unsealed sphalt bts (n=6; sites 31, 34, 38, 4%0)
Concretedts-unsealed (n=4; sites 39, 43-4%)
Stream and pond samples were colledtech sites withdrainage areasngingfrom <0.015km?
to 152 knf. Watershed areclasseaar e desi gnat ed ithdrainadeiarpasiésser y sm

than05knf( <40 acres)-4kmti i()i iA9g mailmekchd udmnd (GO)oABET
to 152km? (Figure 3). Percent urban land ukeereaseslightly as total drainage area increases
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at sampling sites in Springfield watershe@sging from 100% urban arehoveall parking lot

sitesto 19% in lower Pearson Creek (Figure 3). Rural control sites not draining Springfield have
urban ares.<10% with several below 2% (Figure 3)jery small stream sites are mainly located

in urban storm water Bans draining multiple source©nly two sites are in the small stream

class, both are located on South Creek between National and Campbell AG&makpond

sites are located along the Jones Spring Branch of Pearson Creek and upper Galloway Creek in
the Southern Hills subdivisioMedium and large stream sampling sites are located at
downstream locations on Pearson Creek, Galloway Creek, Soutk, Goedan Creek, and

Wilson CreekRural watersheds sampled in this study include Spring Creek in Christian and
Stone Counties (Sites &8) and upper main stem Pearson Creek in Greene County (Site 1).
addition, two bed samples were collected from impounded flow at the mouth of Sequiota Cave
(Sites 1920) which contained PAlevels similar to those from rural ared®e samples

collected in each stream and pond class are desdréded (Figures 1 &; AppendixA):

Very small streamaES; sites8-9, 14, 33, & 40)
Small streamsn=2; sites10-11)

Small pondsr{=8; sites2-5 & 15-18)

Medium streamsn=8; sites 1213 & 21-26)
Large sreams (=6; sites 67/ & 27-30)

Control streams and pon{ls=11;sites 1, 120, 5158)

RESULTS

PAH Detection and Relative Abundance

As reported by the analytical laboratory, the median detection limit for each of the 16 PAH
compounds investigated in this study was 33 u@lidple 1). Detectable concentrations afie

or morePAHs were measurad sediment samples collectatb1 (88%)out ofa total58 sites
evaluated in this studiAppendixA). Considering only the sites within or below Springfield,
PAHs were detected all 49 sites(100%), with 36% in the threshold effect range from 1,610
ug/kg to <22,800 ug/kg PAIdand 51% exceeding the probable effects concentration of 22,800
ugkg PAH;s (Table 1). Twelve Springfield sites (25%) contain PAdtoncentrations exceeding
five timesthe PEC.AIll of these high PEC sites drain core urban areas that contain relatively
large areas of roads and parking lots witvarietyof surface characteriss including coatar
sealedand mixed sealed and unsealed asphal{AgpendixA).

23



Sediment PAH concentrationsriaral streams and ponds were beloviedtion limits in almost

of cases All PAH analyses for four rural pond sediment samples were below the detection limit.
Of the four rural stream samples collegtenly four PAHs weraletectedwvithin threedifferent
samples: fluoranthen@&th), 48 ug/kg; pyrene (Py), 29 ug/kg; benzo[b]fluoranthene (BIB), 2
ug/kg; and benzoJpyrene(BaP), 210 ug/kg (Appendix A)The background sediment PAH
concentration for rural are@suncertainbut prdably ranges fror270 ug/kg ¥z the detection

limit) to 730 ug/kg (sum othe fewmeasured &lues plus %2 detection linfior the otherks

Analytical results of four of the sbow molecular weight LPAHs examineal this study

including naphthalenéNap), acenaphthylenedfiy), acenaphthen@Ace), fluorene Flu), and, to
lesser degre@nthraceneAnt),were affectedyy detection limitproblenssince these PAHs
occurred at relatively low concentrations in sediments (i.e., <1% relative abun(iEaide 1 &
2). Naphthalenes typically found in high concentration in fresh cteu standards (Poster et al.,
2000; Wise et al., 2010)However, Nap and other LPAHSs tenddecreaseapidly in
concentration in sedimenddter releaséo the environmerdueto relatively high rates of
deammposition, volatilization, and dissolved transport downstr@zem Metre and Mahler,
2010;USEPA, D11;Van Metre, 2012& b).

Of the higher molecular weight HPAHs, omipenz[a,h,]Janthracen®&hA) was detected at
relaively low levels (1% relative abundance) (Table 2). However, the relative abundance of
DahA conspicuously rises to 4% in urban pond sediments (Tabléi2 possible that the

relatively high levels of DahA are due to a local pollution source in taguwaly small drainage
area or that sediments in the pond contain higher amounts of organic matter that preferentially
binds this compoundHPAHS as a group tend to strongly bind to fgrained sediments and
organic matter, thus it is expected that HRBAMII be found in higher concentrations in

sediments compared to LPAHY€ff et al., 200h Given that the relative abundance of

individual PAHSs are similar across a wide range of sites, the;Pédfcentration is sufficient

for the evaluation of spatia&hriations in PAH concentrations in urban sediments in Springfield.

Individual PAH compounds with relatively high relative abundances >10% include Fth, Py, Chr,
and BbF (Table 2)Correspondingly, these four PAHs were also found in highest frequency in
stream water in Springfield (Richards and Johnson, 2002; URS Corporation, 2010 a & b).
Generally, he relative abundance widividual PAHsdoes not varypy more than % among

parking lottypes andtreampond sediment classéBable 2). Two exceptiors includeFth and
(Indeno[1,2,3cd]pyrene (InP) which varin relative abundance by 8.380d 4.2% amonthe

five sedimat classes evaluated, respectiv@gble 2).

Downstream variatios in the relative abundance of specific PAH compoumtise sediment
can indicate source charactéids within the watershed. otal PAH concentration in the
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sediment will tend to decrease downstream from high source areas due to the influence of
dilution and mixing withprogressiveljjower source inputs. However, the relative contributions
of differentPAHs to the total PAH burden caary independently of dition effeds due to
different source effecand chemical leaching rates in the environmienthis study,

downstream trends in the relative abundance of Fth, Py, and Chr appkemtify sealed lot
source input¢Table 2). Sediment Fth abundance deases downstream fra2@®-23% in

parking lotareasand very small/small streams to 14% at medianarge stream sitg3 able 2).

The relative abundance of Py in sediment decreases downstream of sealed parking lots and in
unsealed lots as follows: sealearking lots 22.9%; mixed and unsealed asphalt |dit8.5%
concrete lots11.8% very small/small streayi3.7%; and medium/large streams (11%) (Table
2). Chrysene also shows a similar trend with decreasing abundance in unsealed parking lots
compared tsealed lots (Tlale 2). Conversely, BaBhows an opposite, and slighty weaker

trend increasingn relative abundace downstream fro®.1% abundanceisealed lot sediment

to 11% atarge stream sites (Table 2).

Thefirst three PAHs described abogan potentially be used as tracers of sealted lot

influence and ats possibly the presence abd-tar particles in urban stream sedimants

Springfield These fp a taréfbundirdhighesét aded&hse at sealed lot sampling sites
and decreasley almost half or more downstream.contrast, BaP doestappear to be a

precise indicator ofealedot influence,since the relativabundance icreases downstream by
about onehird. NeverthelesBaPmayindicate the influence of urban inputs imgeal orother
localizedsourceinputsdownstreanon Wilson Creek.

Theurbansediment PAH signatithin Springield is: (i) relatively uniformvarying more in
magnitude than among individual PAH input ratgsleast at the scale of analysis used in this
study; (ii) associated with mtures of bothpetrogenic and pyrogeniRAH sourceshat are
similar across urban land use characteristiosl(iii) influenced similarly by weathering,
volatilization, particle geochemistryand sediment transpavithin thewatersheds investigated
Sedimentological and geochemical processei/e within the urban watershed cgaduce the
influence ofsource variationsn therelativeabundance dPAH concentrations in stream
sediment®ver time Zhang et al., 2005 Neverthelessyan Metre and Mahler (201@)so

found similar relative concentrations of PAwghin cores collected from 40 US lakdsit were
able to detect the influence of cdal inputs by using a source mixing model and correcting for
weathering/voltlization effects on the LPAHSs.

Sampling Errors

Relative percent difference values were calculated for eaclsaeigleduplicatefor which

PAHs were detecte@able 3). Errors less than 30% are considered acceptable, particularly
since the particle size fraction anagzwas not standardized ageherally accepted to be <2
mm. Median error values for particle size measurements range from 6% to 26%, cdrbon an
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nutrients from 2% to 26%, major and trace elements from <1% to 13%, LPAHs from 17% to
27%, and HPAHs from 8% to 29% (Table 3)he detection limits for trace metals are relatively
low and far below the TEC values (Table However, as described aboveis is not the case

for all PAH compounds examined in this studBelatively hidn detection limits antbw TEC
valuesfor LPAHs and DahA explaithe analytical detection problems observed in this study.
The analytical detection limits reported by tlernenercial laboratory are too high to adequately
guantify the distribution and concentrations of LPAHSs in rural and, to a lesser degree, urban
sediments However, @tection limitproblemsdo not limit the utility of this study to address the
proposed objawves, particularly since sampling errors are in acceptable rarideseverthe
background PAH signature for rural sedimeants related PAH ratiosannot be evaluated due to
relatively high detection limits for LPAHS.

Sediment Class Trends

EnrichmentFactors

Sealed prking lotsand thestreamchannels that din them are highly enriched BAH;; relaive
to rural sediments (Tablg.2The eight rural sediments evaluated for this study were usually
below detection limits for PAHsThe rural samples arassumed to reflect the lowest PAH
concentrations expected in the naban areas and were used as both an experimental control
for land use influence and analytical control to check for contamination during the sampling
process.Following, the mean tot&AH concentration for rural sedimentassumed to b272
ug/kg at onehalf the detection limit with an upper limit of 528 ug/kgthe median detection
limit (i.e., 33 ug/kg x 16 PAHs) Geometric meaRAH;s concentrabnsvaried amongirban
sedimentlas®s, ranging froml1 times higher than rural levels for large streants@7 higher
for sealed parking lot sedimex{n=4) (Table 2 Figure 4. Sealedparkinglots yieldedsediment
PAH;s concentrations that are 148 tintegher tharthose found irsediments from concrete
parking lots 41 timeshigher tharasphalt parking lotsand 2 times higher compared to mixed
sealed and unsealed lots (Table ) other words, unsealed asphaltkpag lots yielded on
average a 97.6% decreasesediment PAk concentrations in comparisoo toattar sealed lots
(Table 2; Figure ¥ The relative difference iRAH concentratiofrom sealed and unsealed lots
in thisstudy compare well with similasediment PAH studiesf parking lot effect$n other

urban areas (lshler et al., 2005 & 2010; Van Metre et al., 2009).

The parking lot sediment samples collected for this study contain varying contribaftions
pavement dust that has been mixed with partictes other sourcesicluding: (i) mineral and
asphalt particleseleased from other structures and related construction mater)atsgénic
rich sedimentomposed of decomposed vegetaaod carbonaceous fragmerdsd (iii) natural
soil materials containing mostly silt and clay. Pavement dust particles areddgpiecifically
from the weathering and abrasion of lot surfaces and sealant coatings, if.piémentdian
PAH;s concentrations in pavement dgsimples fronsix central and eastern U.S. cities was
2,700,00Qug/kg for sealed lots and 27,000 ug/kg fosealedots (Figure 4. PAH
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concentrations isealed lot sediments in Springfieletreapparently diluted by sediment
contributions from lower PAH sources Bimost half those reported for pavement dusts on
coated lots in other cities (Van Metre et aD09). It is also possible that sealed lots sediment
concentrations in this study were lowered by varying sealant weathering conditions or mixtures
of coattar and asphalt sealants on some parking ldtsvever, thegeometric meaPAH;;
concentrations ported by this study faunsealedsphalt lots (37,182 ug/kg=6) and concrete

lots (10,368 ug/kg, n=4) bracket those repoftedinsealed pavement dust Van Metreet al.
(2009). This comparison suggests that pavement dust particles generated by unsealed lots in
Springfield contain PAH levels similar to or less than other urban PAH sources including road
asphalt, petroleum spills, tire wear, and vehicular exh&@estled parking lots in Springfield
therefore represent an elevated source of Paltse urban environment in contrast to unsealed
lots and other urban PAH sourceSiven our present understanding of sediment PAH
contamination in urban areas€luding irdustrialpoint sourcels coaltar sealants are probably
theonly sourcehat can explaisuch high PAH levels (Mahler et al., 2012).

Total PAH concentrations in stream and pond sediments decegedly downstream from

urban and commercial core areaspringfield.Geometric measediment PAkL concentrations

for stream sediment classes decrease downstream in the order: very small stream, 111,849 ug/kg
(n=5); small steam, 107,021 ug/kg (n=2); medium stream, 8,189 ug/kg (n=8); and large stream,
3,080 ug/ky (n=6)(Figure4). The small stream class contains only two samples from upper
South Creek. Stream flow conditions of the small and smaller sediment classes tend to be
ephemeral or seasonal in flow and yield poor habitat conditions for aquatic lifi pdrds of

course do hold water all year and offer habitat for aquatic life. The small ponds included in this
study ardocatedin Southern Hillon upperGalloway Creek and odones Branch, a tributary to
Pearson Creek (Figure Tlhe median PAIg concentration for small pond sediments is 3,965
ug/kg with a highest concentration neld,000 ug/kg (Table)2 Small pond sediment PAH
concentrations are relatively low compared to the downstream trends (i.e., very small and small
stream classes, >100@ug/kg PAHg). For this study, pond bottom sediment sampling was
confined to within 5 meters of the bank edge at water depths <1.5 m and it is possible that the
influence of low PAH sediment from local bank or soil erosion sources diluted PAH levels to
some degreeSediment PAH concentration and distribution within the urban ponds in
Springfield needto be studied further to verify the relatively low PAH levels found in the

ponds.

Toxicity to SedimenDwelling Organisms

To evaluate the significan@d high PAH concentrations in urban sediments in Springfield,

toxicity criteria ae used to determine the probabemful effects to sedimeitwelling

organisms (Table;ITable4. Recal |l , the Athreshold effect con
belowwhc h  har mf ul effects are unlikely to occur
(PEC) is the value above which harmful effects are likely to oddacDonald et al. 2000As
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expected, sediment classetated to watershed locations closer to urban antheercial core
areas and larger parking lot ar¢asd to be more toxic to aquatic liféable §. Three PAH
indicators were found at relatively high toxic levels compared to the othexsc

concentrations of PAH, Chr, and Dah/fexceeed 5x the PE@ 100% of he samples tested for
both seale@nd mixedsurfaceasphalt parking lotéTable 4. In addition, total PAH
concentration#n the toxic range greater than the P&EEre frequently measured in sediment
samples from concrete lots (50%3¥phaltparking lots(100%),andvery small/small streams
4>67%)(Table 5). Moreover, with the exception of PAldoncentrations in small pond
sedimentsvhichwere all less than the PEC, all sediment classes contained at leastlane
three PAHsabove atoxic concentratias above the PE(Table 4.

PAH concentrationgn sedimentshreaten aquatic life in the streams and ponds of Springfield.
For each sediment class, the frequency of sediment samples containiogindevels below

the TEC for total PAHs aras follows: sealed lot, 0%; mixed lot, 0%; asphalt lot, 0%; concrete
lot, 25%; very small/small stream, 0%; small pond, 12%; medium stream,al@targe

stream, 50% (Table)4 While reducing the supply raté PAHs from urban sourcesich as

parking lds androadways is importanprograns aimed at protecting aquatic life needateo

focus onimprovingthe habitatconditionspresent in perennial streams and ponds that are capable
of supporting aquatic life in the first place. In this study, sufficient habitat locations have
generally been identified by three sediment classes: small ponds, medium streams, and large
streams; lhhave sediment PAH concentration above the TEC and all except the small ponds
have concentrations above the PEC (small pond conditi@re discussed previously).

In Springfield, sediment PAH concentrations in stream habitats in downstream segmebés may
harmful to aquatic life and the upstream segments draining core urban areas appear to be
contributing tothe source of the impairmeAHSs in stream water were previously identified as
a potential threat to aquatic life in Springfield (Richards andiskain, 2002)PAH levels in the

main stem of Wilson Creek may also be affected by historical uses of petroleum and coal
products for indusial purposes. Mcroinvertebrate monitimrg programsn Springfield should
routinely include sediment PAsamplingaswell as other potentially harmful pollutants such as
metals, PCBs, and VOG@s evaluat§MacDonald et al. 20Q(5coggins et al, 2007).

Pond Sediment Trends

PAH trendsn pond sediments indicate the influence of urban sources on sediment
contamination irPearson Creek and Galloway Creek watersheds (Figure 5). The highast PAH
concentration measured in small pond sediment class for this study was 11,981 ug/kg from the
upper pond on Jones Spring Branch in Pearson Creek watershed, about 44 times hitieer than
PAH concentration in control samples from rural pofidgble 2;Figure 5 Appendix A. A

second sediment sample collected from another site in the upper pond contained 8,051 ug/kg
total PAHs. Theselevatedevels of contaminatiorabove the TEQikely indicatethat Jones

28



Spring receives storwater runoff or seepage from urban or industrial land areas via
underground karst conduits since the local area around the spring branch is suburban in
character. Recharge contamination of the spring is alscaitedi since sediment PAH
concentrations in Jones Branch decrease downstream by fivaadiaesverage of 2,035 ug/kg
(n=2) between the upper and lower pond over a distance of a little more thkmone
downstream (Figures 1 & SYloreover, stream sedimeRAH concentrations in the main stem
of Pearson Creek are relatively low, with concentratairthe siteabove Jones Branat FR
199below detectiorior all PAH compounds (<528 ug/kg PAdl Below the Jones Spring
Branch confluence, total PAH concentosisin Pearson Creesontinue todecrease t@,280
ug/kgat theUSGS gaggel km below the confluenceo <742 ug/kgat the railroad bridgevhich

is 0.7 km farther downstrea(ppendix A).Again, this pattern indicates a sourcd?éfH
contaminatiorfrom Jones Spring, however, its influencesadlimentontaninationdecreases
rapidly downstreanto levels below the TEC in the lower segment of Jones Branch and Pearson
Creek

In the Galloway Branch watershed, pond sediments were samplee upper andhiddle ponds

in Southern Hills subdivision, Sequiota Cave pond, and where Galloway Branch becomes
impounded by Lake Springfielth Southern Hillspoth the upper and middpnds were

sampled at th outlet end of the impoundmenA previous sediment sgoe collected from the
inlet point of the upper Southern Hill pond as a pilot test before the presentshidineca

PAH;6 concentratiorof 3,227 ug/kg In comparisonon the opposite end of the poride mean
PAH;6 concentrationn two samplest theoutletof thepond wast,533ug/kg This result

indicates thaPAH concemations didnot decrease through the pond by sedimentation or
dilution by low PAH sediments from other sources. Thus, the lower PAH content of small pond
samples collected in Southern Hills, compared to small and medium stream sediment trends
(Table 2), probably régcts lower PAH inputs overall from the residential land use in the
contributing drainage area.

In contrast to Jones Sprirggdiment from Sequiota Spring branch near the cave entrance above
Galloway Branchs not contaminatedith PAHS, suggestinthat ts reclarge area and karst

network is not affected by excessW@H loadsfrom urban runoff. However, the sediment

samples collected from Sequiota pond may have been affected by land disturbances and related
sedimentation. Recent construction activiteesestore the pond may have removed

contaminated sediment or redirected low PAH sediment into the pond. A water line break
several years ago caused a cave collapse and soil erosion in the eastern arm of the cave system
which flushed significant amount$ encontaminatedesidual soil material into the pond.

The two sediment samples collected from the strksde transition segment die Galloway

arm ofLake Springfield contain almo6t000 ug/kg PAHKE at a point >5 km below the lower
Southern Hills ponautlet(Figures 1 & 5). These elevated PAeVvelsin Galloway armmay
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have resulted from widespread urban sources throughowitieehed and/ofocal sources such
as stormwater discharge from thiEame River Freway located 1 km upstreaon historical
inputs from the old industrial sites along lower Galloway Creek

Sediment Size

Sedimenproperties includingarticle size, carbon, or nutrient contean directly indicate PAH
concentrations or indirectly relate to the sourctanmsprt pathof thesedimen{Bentzen and
Larsen, 2009Yang et al.2010; Ghosh and Hawthorne, 201Gurther, the concentrations of
major and trace metals and metal contaminants in sediment often are correlated with PAH
concentrations and/or specific pollution sourdéais, data on these parameters are commonly
evaluated in pollution source and sediment contamination stndi@sing PAHs Springfield
sediments typically contajarticle sizein the silt and fine sand range thaeasily transported
by storm water runoff at the flow velocities and discharges expected for parking lots and streams
in the Springfield areaHowever, @article-size trends fluctuate among sediment classes, with
pond sediment being composed of the sretdlediment particles (Table Bppendix B &1).
Thisresultis expeted since wet ponds amdpoundmentsre associated with low energy
sedimentary environmenésd finer-grained sedimentation.

The median particle diameter fall nine sedimentlasses rages from19 um (fine silt) for small
ponds to 276 unfife to medium sand) for large stream géas collectedrom relatively coarse

bar deposits (Table)5 Since the samples wadratially prepared by sieving through a 2 mm

sieve to remove large graingdacoarse organic mattprior to size analysjghe coarsest

particles occurring in tle® samples were limited the very coarse sand ranffem 1 to 2 mm in
diameter.Sealed parking lot samplegere foundo contain relatively fine sediment (median

size of 24 um with 18% clay)Yable §. Given that only four sealed lot samples were evaluated,
no definitive conclusion is justified. However, it is possible that these finer particles represent
the produd of the orgoingprocesses of abrasion and weathering ofcead applications over
time.

Organic Carbomand Nutrients

Organic carbon, nitrogen, and phosphorus concentrations are linked to the abundance of
biological material and probably cetdr sealanand asphalparticles in the sediment. The

highest concentrations of each asarid in sediments from the ceak sealed lot with secondary
peaks in small streams and ponds where organic matter temcsutoulatéTable 6 Appendix

B & I). Indeed, other studies have found that PAH concentrations in sediments and soils increase
with the amount of organic carbon in the sample as relateahtdar fragments or other

combusted particles such as soot or char@aidrer, 1997; Shi et al., 2Q07ang et al., 2010;

Ghosh and Hawthorne, 20/10The trend in decreasing organic carbon across the different lot
types correlates with similar decreases in P£dthrichment factors (Tables 2 8.6
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Major and Trace Metals

Metal concentrationsithes edi ment refl ect contributions f
anthropogenic contaminant sources. Major metals like Al, Ca, and Fe tend to increase in
concentration with the percentage of clay minerals in the saamal are released from the soill
during mineral weathering This relationship isnly generally shown in the sediment class

trends for this studyT'he highest concentrations of these three metals are associated with small
streampond, medium/large stream, and aspparking lot sediments (Tabke Appendix C,D,

E,F &1). The highest clay percentages are found in pond sediments and sealed parking lots
(Figure 4). The lack of strong correlation between clay content and Al concentration suggests
that the main source of clay paléis on sealegarking lots maye from the breakdown of the
sealant coating and not fromuminaosilicate minerals However theurban sedimestevaluated

for this study mayontain materials from multiple sources that decrease the effectiveness of
statistical trendingrocedures for identifying source relationships.

The trace metals evaluated in this study can be toxic to aquatic life at relatively low sediment
concentrations (Table 1All eight of the anthropogenic trace metals assessed for this study were
detectedat levels above the PEC in at least one sample. Both Pb and Zn are frequently found at
potentially toxic concentrations in urbagdsments in Springfield (Tablg.Maximum sediment

class concentrations tended to be above thef6ECd. Concentrations dii and As tended to

be higher downstream of Springfield in medium &rde stream sediments (Table While Hg
sedment concentrations were typicabglow the TEC, the highest concentration was found in
sediment from a sealed lot. Copper concentrations were sometimes found to be elevated to levels
above the TEC in urban sediments. However, the highest Cu concentrations were found at toxic
levels in Sathern Hills upper pond, probably as a result of copper sulfate treatmamittol

aquatic weeds (Table AppendixC).

PAH Ratios

PAH ratios are commonly evaluated to determine pollution sources and determine the relative
contribution of coatar inputs versus other input¥hree PAH ratios were evaluated for source
identification in this study (Figur&). Phe/Ant ratios tend to hariable but decrease
downstreamn small pond and medium/large stream sediments. Ratios <10 are suggested to
indicate pyrogenic sourcesich as coalar whichwas reported to have a Phe/Ant ratio of 3.1
(Crane eta al., 2010)This ratio does not seem beable to discriminate amorgpurce effects

in urban sedimesin Springfield sincehe coaltar lotsin the present studyave ratios above 10
(Figure §. Moreover, Fth/Py rat®show no trend along the urbaral gradient, again
suggesting that mufile and mixed PAH sources occur in urban edits from Springfield
(Figure §. Ratios >1 are reported to indiegyrogenic sources and a ctel sample had a
Fth/Py ratio of 1.3 (Crane et al., 2010). While the ratios calculated for the sedimentssample
this study suggest a pyrogenic source, there is little change downstrdemnatio even though
PAH source inputs would be expected to vdtynay be that pyrogenic sources other than-coal
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tar are indicated. Nevertheledse tack of ratio resporgaises doubt over the resolutmirthe
ratio source identification approaakedin this study. Indeed, Bbf/BkF ratios also show no
trend downstream. It is possible tlsatliment source factors associated with partide and
geochemistry are integfing with ratio trendsOther than source influendeAH ratios can be
affected by differential breakdown of individual PAH compounds as well as other factors
including sorting during aerial and fluvial transport, evaporation/volatilization processges, an
dissolution into water (Zhang et al., 2005; Crane et al., 2010).

RelationshipsAmongSedimentComposition,Geochemistry, and PAKoncentrations

Correlation matrices are used to determine the direction {y+tamd statistical strength
(significance)of therelationship between two variables. In this c#ise relationship to be
evaluated is between selected PAHs concentrations and paired sediment variables such as
particlesize, organic carbon, and metals. Two different groups of sediment samples were
evaluated Table §. Thefirst group is composed of parking lot samples and very small stream
samples, those sites that are closest to the urban core. The second group consists of stream
sediment samples from downstreamssit®t including the pond sangd.

Sealed parking lot sediment properties indicate a distinct sealant source for particles and organic
matter. There is a strong negative relationship between PAH concentrations and {s@éréaie
parking lot sedimes indicating that the highest PAtbncentrations are associated with smaller
particlesizes or finer sediments (Tablg 8This finding supports the previously described
observation that codar sealed parking lots tend to have the most clay and organic carbon in
comparison to the otheediment classes\ppendix B. Similarly, there is strong positive
relationship between organic carljgercentagend FAH concentration in urbasediments

(Table §. The positive relationship between P and PAH eofration is probablyelated toP
beingboth a chemical component of the organic matter in the seatehtrom other nonpoint
sources but now bound to sediment surfac&be positive relationship between Al and PAH
concentration is probably related to the composition of the asphalt and patsjbinnerals in

the sediment (Table)8

Correlation analysis of PAHs, OC, P, and metals in parking lot samples generally sivoate
different sources for metals: parking lot sealants and more widespread urban Jhewes a
strong positive reitionship betweeRAH concentrations and both Hg anddhcentrations
parking lot samplesuggesting that these elements are also found in relatively high
concentrations ithe organic component obattar sealants analsphalt to a lesser degr&nce
the highest PAH concentrations are found in sediments from sealed parkijrgirtmg
correlations between PAH levedsad HgandZn and,to a lesser extenGu, Cd, and Al
concentrationprobablyindicatea sealant source for these metalparking lotsediments (Table
8). Howeverthe poor correlation d?AHs withothermetalsin parking lot sedimentscluding
Pb, Cr,As, Mn, Fe, and Ca indiaaa poor association with sealant coatsagirces (Table 8)
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These metals are probably released to the emvient from more widespread and variable urban
sourcessuch as tire and brake wear, exhaust emissions, and building makeriase not
specifically related to the presence or weatheririgtfealants. Indeed, correlationsrease
betweernPAHs andurban source metal$p, Cr,As, Mn, and Fe) in stream and pond sediments
downstream of parking lotdVloreover,correlations between PAHs and sealant source metals
(Al, Cd, Hg, and Zn) decrease downstream as satimixing and variable souragputsdilute
parking lotsediment geochemistry relationshipihe identification othe specific geochemical
processes involveduring pollution transport is beyond the scope of this study. However, it is
clear that pollutia sources and sediment partisiee, organicarbon, and geochemistry affect
PAH and metal concentrations differently in parking lot areas in the urban core compared to
downstream stream sediments.

Parking Lot and PAH Assessment in Galloway Creek Watershed

ParkingL ot Areas andistribution

The total drainage area of Galloway Creek is 18.2(Kigure 7. The total area of mapped
parking lots is 1.2 kfand includes 382 individually mapped parkintsloThe total area of
sealed parking lots is 0.90 kior 71.2 % of the total larea andncludes 245 parking lots.
Unsealed parking lots cover 0.35 kor 28.8% of the total mapped lot area ardiides 137
lots. Sealegbarking lots cover 4.8% of the total laacka of the watershed, while unsedtad
cover 1.9% of the area. Thpadial distribution of parking lots within the Galloway Creek
watershed shows significant clustersigngmainroad corridorsKigure 3. Most parking lots
within the watershed atecated within commercial areatong Glenstone Avenue, Simne
StreetBattlefield Roagdand U.S. Highway 65.

PAH Relationship with SeaCoated Lot Area

There isastrong relationsip between the perceséaled parking lot ard&LA%), defined as

the percentage of the total sealed lot avithin the drainage area aboveampling siteand the
sediment PAkL concentration measured at gige (Table 9Figure §. Twenty two sampling
sites were located in Gallaway Creek watershed including 12 parking lot, 6 pond, and 4 stream
samples. Three of the parking lot sites airgined unsealed lotsA single parameter
regression equatiamsing data fronthe sites draining sealed parking lot areas (na$8)gLogio
SLA% to predict Log PAH concentration explains 79% dfe variance (Table)9 Adding
Logiopercent OC as second parameter to the equation further reduces the error by 4% and
adding a third parameter, Lggnedian particle size, only reduces the error an additional 2%.
Thus, this threg@parameter regression model explains 85% of the variance ingPAH
concentrabns in parking lot and streasediments.

The overall trend of the equati is produced by a sediment transgodcess of progressive
sediment mixing and PAH dilution downstream away fromseérededcparking lot source areas.
The diluting sediment isupplied from soil erosion, bank erosion, and other low PAH sources.
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The equation can be used to estimate the critical SLA% value required to meet downstream
sediment toxicity guidelines (Table 1).mMinimum SLA% value of about 3% is needed to meet
the TEC value of 1,610 ug/kg PAldand a SLA% viue of 10% is predicted to result in tREC
value of 22,800 ug/kg PAH (Figure8).

There is a strong relationship between sealed lot area (SLA%) in the watershed above a sediment
sampling point and the PAH sedmt concentration measurgu>0.01)(Figure9). However,

this same trend is not shown for metals such as Cd, Pb, Cu, and Zn that are also associated with
variableurban sources (Figut). For the most part, metals are poorly to weakly correlated

with sealed lot area (p <<(Q.IThis patterrsuggests that sealed lot area is uniquely linked

spatially, probably as a major source, of PAHs in the Galloway Creek watershed. However,
metals are supplied from a variety of urban sources, including roadwaysbamdrunoff not
uniquelyaffected by sealed lots.

To improve the regression model to incld®lysis of alsediment samplesllected from

Galloway watersheth=22),the total parking lot area as a percent of the drainage area above a
samplingpoint (TLA%) was added into the regression analysis (Tabl&9%. allowed the

inclusion of thehree sites that did not drasealed lot areas so that the equation could be applied
to both of sealed and unsealed parking lot areagraésiomesultsindicate that a-parameter

model explains almost 86% of the variance and predicts Log £&dcentration usingog

SLA%, Log TLA%, and Log OC% (Table 9). To include the extra sites into the model, a 1%
SLA% value was assumed for the three sites natidgasealed lots as determined in this study.
This substitution was needsincethe log of zero cannot be determined. Other values of SLA%
were tested including 0.01, 0.1, 2, 3, and 5 percent with values ranging from 1 to 3 yielding the
bestresults. Fe fall sitedo modeh!| yp=2B3mphaddatei mhkal
model (n=19). However, the all site model lsathe additional advantages includantpwer
standard errothemore sigificant effect by OC%, and not includimgedian pdicle size (Table

9). ltis clear from the analysis of the relationship of parking lot area to total PAH concentration
that sealed lot area is significantBlated to high PAH levels sediments and that organic

carbon isalsopositively related ash significantly related to PAHtoncentrations.

PAH RatiosandSeatCoated Lot Area

The influence of SLA% on PAH ratio trends is mixed. There is a lot of scatter with little source
differentiation in the downstream direction (decreasing SLAS¥o)he Phe/Antatio (Figure 1)1
However, both Fth/Pyr and BbF/BKF ratios indicate pyrogenic source inputs at sites close to
coakttar lot areas. Sediment samples collected from sites located netardoakreas (>70

SLA%) produce similar Fth/Pyr values as puraktar samples at 1.3 (Crane et al., 2010), but
there are some samples further downstream (near 30% SLA) that also produce low ratio
pyrogenic values. Moreover, even though BbF/BKF values increase with SLA%, a high value is
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also found near 10% SLA (Figairl)). More research is needed to develop ratios that can
identify PAH sources with adequate precision in Springfield.

Potential Effect of a Ban on Cetr Sealant Use

In general, urban stream sediments in the City of Springfield are contammwttéltbtal PAHs

to levelsthat have been found to be toxic to aquatic(llfables 1 & 2). However, sreams that

drain greater percentages of rural, suburban, and residential land uses, tend to have lower PAH
concentrations such as found in: (i) upper amddle ponds in Southern Hill§ii) main stem

Pearson Creek, and (iii) downstreargreents that are furtheway from urban corer@asas in

Al ar ge st r eamsreek (Appendix Ax & ha¥\beénshotirat I&rge commercial

parking lots are a mayj source of PAHSs tthe environment and that sealed parking lots release
pavement dusts and other sediment particles that are contanwiit&AHSto concentrations
almost two orders of magnitude higheompared to unsealed asphalt and concrete paiksg

(Table 2). But a critical question still remains: Would stream sediment contamination decrease to
levels less harmful to aquatic life if parking lot sealants were banned in the City?

To address this question, tBgarameter alsitesregression modaleveloped for Galloway

Creek (Table 9)vas used to evaluate changegparking lot source effects (Figui2). PAHi6
sediment concentratisrwere calculatedsing the equain under two scenarios. Intiieb e f or e 0
coaltar sealant ban scenario, the @&centration for all the sediment samples was set to a
constant 7.12 %, which was the median for all the Galloway Branch samples, and then PAH
concentrations were calculated using the same sealed and total lot area values. In the second
iaft er oOriobGCrconsentmtivrawas again set to a constant of 7.12% and the sealed lot
area %avas set to 1% for all the sites in an attempt to remove the effect efl keal

contamination on sediment PAH concentratifsom the equationin general, total lot araa
positively correlated with sealed lot area, except wttersealed lot area is zefn=3). Also,

total parking lot area is inversely relateddt@inage area or distance downstream. Therefore,
highe values of total lot area % indicateaatively small stream or pond close to urban core
areas.

In comparing tke before and after scenarios pvedicted PAH concentration trends over total
parking lot area, the effect of a reduction of sealed parking lots on sediment and pond sediments
was dramatic (lgurel12). In general, total PAH concentrations in parking itessvith >50%

TLA% decreased by tworders of magnitude and strefond sitesvith <20% TLA decreased

by oneorder of magnitude (Figure 12). Correspondingly, the percent decrease for patrking

sites was typically >96% and fetream/pond sites the decresseged from 8®0% (Figure
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12). Recall, there is a 98% difference between the geometric mean of sealed lots and unsealed
asphalt lots (Table 2). Further, it would be expected that Pa¢ldat more distant sites would

be lower and closer to rural background levels thus reducing the relative range of decrease
possible The effects of asphalt sealants in contrast to-tmyadealants were not evaluated in this
study. However, if it is assoed that sediment PAH concentrations for asphalt sealed parking

lots are six times less than those for dealbased sealantsi@hler et al., 200 thenthdi a f t er ©
trend in Figure 1& would increase by only15% or less. If so, then the predicted effects

improved sediment quality degoed above woulde the same with regards to effect on reduced
toxicity to sediment dwelling organisms.

These modéhg results suggest that eliminationtbé use of coalar sealants in Springfield

would decrease the PAH concentrations in stream sediment by >80%. Rbhdlemmcentrations

at all sites decreased to levels below the PEC and those sites with <20% TLA decreased to levels
below the TEC. Impdantly, sediment PAH concentrations at all perennial stream and pond sites
with sufficient aquatic habitat in Galloway Creek watershed were rddadselow the TEC.

However,a ban would only eliminate threewaddition of coal tar sealants to the environine

The time forexisting coal tar seatds on lots to wear off and contaminatedterialto work it

way though the systerto allowsedimentsecovery to predicted lower levels could take 20

years or more dependitg past and future sealant use, supilyesidual contaminated

sediment, and behavior of other PAH sources.

CONCLUSIONS

The main question to be addressed by this study is: Are PAHs found in urban stream and pond
sediments at concentrations high enowghatse environmentalncerns, and if so, to what

degree are codbr sealants the source of PAH contamination in the City of Springfssid?

major conclusions were produced by this study.

1) Urban sediments in Springfield contain PAH concentrations at levelof ecological
concern.PAHs were detecteid urban sedimentat all 49sitesexamined within the City of
Springfield or in streams draining urban areas. Thirty six percent of the samples there
threshold effect range from 1,610 ug/kg2®800 ug/kg PAkE and 51% exceeddte probable
effects concentration of 22,800 ug/kg PAHTwelve Springfield sites (25%f the total

sampled contain PAHg concentrations exceeding 5 tintee PEC. All of these high PEC sites
drain core urban areas that contain retdjivarge areas of roads and parking lots with a variety
of surface characteristics including coat sealants and mixed sealed and unsealed asphalt lots.

2) Similar to findings in other cities in the USA, sediments fronsealed parking lotsand the

streamsthat drain them are highly enriched in PAHs relative to unsealed asphalt and
concrete lots Sealed parking lots yieldestdimen®PAH;s concentrations that are 148 times
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higher tharthose found in sediments from concrete parking #tgimeshigher ttanasphalt
parking lots and 2 times higher compared to mixedlsd and unsealed lotén other words,
unsealed asphalt gang lots yielded on average a 97.6% decréasediment PAkk
concentrations in comparisom toattar sealed lots

3) Metal concentrations are elevated in urban sedimentsnd occur at levels of toxic
concern at several locations within SpringfieldAll eight of the anthropogenic trace metals
assessed for this study were detected at levels above the PEC in at least one s#mipbeaid
Zn are frequently found at potentially toxic concentrations in urbdimsats. Sedimeritii and
As concentrations were higher at downstream locations compared to urbai hedaghest Cu
concentrations were found at toxic levelghe uppepond in Southern Hillsprobably as a
result of copper sulfate @mément to control aquatic weeds.

4) Sealedparking lots cover 4.8% of the Galloway Creek watershedLarge commercial and
residential parking lots were mapped afassified according to presencesehlcogtthe

majority of which is assumed to be ceal sealant based on a 2009 industry survey conducted
by the City of SpringfieldThe total drainage area of Galloway Creek is 18.2 Kire toth area

of mapped paing lots wasl.2 knf andincludes 382 individugbarking Ids. The total area of
sealed parking lots is 0.90 kor 71.2 % of the total lot area and incled&5 parking lots.
Unsealed parking lots cover 0.35 kor 28.8% of the total mapped lot area amdudes 137

lots. The spatial distribution of parking lots within the Galloway Creek watershed random
andshows significant clustering along road corridors

5) Sediment PAH concentrations irthe Galloway Creek watershed are strongly related to
the percentage ofsealed lotarea within the total drainage areaupstream of the sampling

site (i.e., SLA%) . A regression equation using Le®LA% to predict LogsedimenPAH;¢
concentratin has an Rvalue of 0.79.Adding organic carbon content and median particle size
as predictor variables to the regression equation only increase$\vtakie to 0.85.The overall
trend of the equatiois described bprogressive sediment mixing and PAH dilutiawehstream
away flom sealegbarking lot source area3.he PEC value of 22,800 ug/kg PAdks typically
exceededt sites wheréhe SLA is 20%. Sites withSLA% values<3% arepredictedto contain
sediments with totdPAH;s concentrations below thEEC value of 1,610 ug/kdglowever, only

3 of 22 sampling sites in the watershed had SLA values less than®%vo of these exceeded
the TECso perhaps this percentage should be lo@enerally, uban metal concentrations in
stream and ponskedimerd are poorlycorrelated with saled lot area in contrast to PAHs. This
observation suggests that sealed lots are a specific source of PAHs to the environment that is
distinct within the urban core areas of Springfield.

6) A regression model approach indicates that a ban on parkingtisealantshas the
potential to eventually lower thetotal PAH concentrationsin stream and pond sedimerg
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by 80-90%. To evaluate the effects of both sealed and unsealed parking lot areas on sediment
PAH concentrationghe total parking lot area as a percent of the drainage area akawglng
point (TLA%) was added intdhe regression analysiEhe expandedodel explains almost 86%
of the variancén PAH sediment concentratiarsing the predictor variablé®g SLA%, Log
TLA%, and Log OC% In comparing the before and after scenarios for predicted PAH
concentration trends over total parking lot drgaassuming a SLA value of 1% for all sitése
effect of a reduction of sealed parking lots on sediment and geoimats was dramaticin
general, total PAH concentrationgre predicted to decrease at parking lot sites by typically
>96% andstream/pond sitesy 80-90% However, the time for sediment PAH concentrations to
reachpredicted lower levels could take 20 yearsnore depending on the amounts of PAHs
stored in mobile sediments and channel and floodplain deposits that could actiasrtong
sources of PAHs to the environment due to erosion.

In summary urban stream sediments in the City of Springfield are contaminated to levels above
the TEC and sometimes the PElowever, streams that drain greater percentages of rural,
suburban, and residential land uses, teraaive lower PAH concentrationk.has been shown

that large commercial parking lots are a major source of PAHSs to the environment and that
sealed parking lots release pavement dusts and other sediment particles that are contaminated
with PAHs to concentrations almost two orders of magnitugleer compared to unsealed

asphalt andgoncrete parking lot®kesults of an industry survey by the City strongly suggest that
most if not all of the sealed lots sangble the study are coated with cetar sealants. Banning

the use of coallar sealanthas the potential to eventualigducesediment PAH levels by 80

99% and improveediment quality to the levels needed to support healthy ecological
communities.

Future work to determine the fate of PAHs in urban streams in Sigtthghould concentrateno
two areas. First, a loagerm sampling program should be implemented to monitor PAH
concentrations in sediment at key locations over time to stadithe temporal dynamics of
transport and to set up a baseline to evalmateagement decisions and paigrharm to aquatic
organismsPossibly implement this within a broader environmental programs and biological
testing. Second, a effort should be made to determine the effectiveness of natural or artificial
buffers or sedimentation aretmsreduce PAHransport to downstream areas

In conclusion, parking lot sediments collected frensealed lots in Springfield contain PAH

levels similar to or less than other urban PAH sources including road asphalt, petroleum spills,
tire wear, and vehicular exhausealed parking lots in Springfield therefore represent an
elevated source of PAHs to the urban environment in contrast to unsealed lots and other urban
PAH sources. Given our present understanding of sediment PAH contamination in urban areas
(excluding ndustrial point sources), cetr sealants are probably the only source that can

explain such high PAH levels (Mahler et al., 2012).
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TABLES
Table 1. Toxicity and Detection Limits for USEPA's 16 Priority PAHs and Selected Metals

Sediment Toxcity Laboratory Detection Limits (ug/kg)
PAH Compound CAS# | Rings | Guidelines’ ug/kg Rural (n=8)* Max PAH 16 (n=6)"
TEC® PEC” median | max median | max

1) Naphthalene Nap 91-20-3 2 176 561 33 48 280 670
2) Acenaphthylene Any  20896-8 3 33 48 280 670
3) Acenaphthene Ace 83-32-9 3 33 48 280 670
4) Fluorene Flu 86-73-7 3 77 536 33 48 280 670
5) Phenanthrene Phe 85018 3 204 1,170 33 48 885 5,900
6) Anthracene Ant 120127 3 57 845 33 48 280 670

7) Fluoranthene Fth  206-44-0 4 423 2,230 33 48 1,900 5,900
8) Pyrene Py 129000 4 195 1,520 33 48 1,900 5,900
9) Benzo[a]anthracene* BaA 56553 4 108 1,050 33 48 885 5,900
10) Chrysene* Chr  21801-9 4 166 1,290 33 48 1,900 5,900
11) Benzo[b]fluoranthene* BbF 205992 5 33 48 1,900 5,900
12) Benzo[k]fluoranthene* BkF  207-089 5 33 48 620 5,900
13) Benzo[a]pyrene* BaP 50-32-8 5 150 1,450 33 48 1,150 5,900
14) Indeno[1,2,&d]pyrene InP 193395 6 33 48 280 670
15) Dibenz[a,h]anthracene* DahA 53703 5 33 140 33 48 435 1,200
16) Benzo[g,h,i]perylene BghiP 191-24-2 6 33 48 435 1,200
Total PAHs, sum of above 11 PAH¢ 1,610 22,800

SedimentToxcity | Detection * U.S. EPA Group B2, Probable Human Carcinogen
Metal Guidelined Mg/kg Limit ' # Reported by MacDonald et al. (2000) for sedirgmelling organisms in freshwater ecosystems.
TEC® PEC” mg/kg $ Threshold effect concentration (TEC) is the value below which harmful effects are unlikely to occur. Testing sho@esD8haif7

Arsenic As 9.8 33 2 the samples were correctly classified as "Naxic."

Cadmium Cd 0.99 4.98 0.5 % Probable effectsoncentration (PEC) is the value above which harmful effects are likely to occur. Testing showed that >90% of
Chromium Cr 43 111 1 samples were correctly classified as "toxic."

Copper Cu 31.6 149 1 & Detectonlimits for rural control stream and pond sediments reported by commercial laboratory.

lead Pb 35.8 128 2 * Detection limit for samples with high PAH16 concentrations (>1,000,000 ug/kg) reported by commerical laboratory. Saiapléodil

Mercury Hg 0.18 1.06 0.01 analytical reasons increases the detection limit accordingly.

Nickel Ni 22.7 48.6 1 ' Reported detection limit by commercial laboratory

Zinc Zn 121 459 2
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Table 2. PAH Concentrationsby Sediment Class

Nap  Any Ace Flu Phe Ant Fth Py BaA Chr BbF BkF BaP InP DahA  BghiP PAH 6
Geomean (ug/kg)
CT lot (n=4) 73 609 2,995 3,113 96,979 8,107 352,256 236,527 95,199 188,893 262,820 63,013 125,268 37,757 6,455 29,813 1,538,736
Mixed lot (n=4) 53 200 1,164 1,520 44,626 4,759 165,770 106,264 51,506 86,748 131,674 31,453 74,874 33,052 6,508 28,496 782,840
Asphalt lot(n=60 u 30 49 54 2,460 244 7,583 4,993 2,261 4,061 5,699 1,877 3,200 2,006 223 1,665 37,182
Concrete lo(n=4) u 24 35 40 722 69 2,291 1,225 563 1,128 1,920 568 881 397 71 316 10,368
VS stream(n=5) 18 83 170 186 6,414 745 24,071 15,094 6,820 11,134 15,596 5,264 9,496 6,389 1,216 5,943 111,849
S strean{n=2) 27 115 220 277 8,270 745 23,875 14,859 6,465 11,593 16,432 5,340 8,626 3,723 836 3,441 107,021
S pond(n=8) u 19 U U 206 26 752 435 212 412 659 176 362 304 57 227 3,965
M stream(n=8) 24 51 39 41 484 98 1,145 1,001 503 837 1,371 380 790 467 57 333 8,189
L stream(n=6) 19 36 35 37 145 59 433 305 208 242 495 100 340 138 32 117 3,089
Maximum (ug/kg)
CT lot 370 2,300 8,500 9,900 210,000 20,000 830,000 560,000 270,000 460,000 730,000 250,000 360,000 77,000 19,000 67,000 3,712,640
Mixed lot 270 730 2,100 2,600 69,000 6,700 240,000 230,000 79,000 130,000 220,000 50,000 120,000 74,000 12,000 66,000 1,092,520
Asphalt lot u 140 200 240 8,500 1,100 31,000 19,000 9,500 16,000 23,000 7,900 13,000 6,000 1,000 4,900 141,495
Concrete lot u 49 90 120 2,400 200 8,600 4,800 2,100 4,000 7,600 2,300 3,400 1,300 160 1,100 38,185
VS stream 38 330 850 800 21,000 2,100 87,000 53,000 23,000 44,000 70,000 16,000 46,000 18,000 3,700 16,000 386,975
S stream 47 120 550 640 18,000 1,500 38,000 24,000 11,000 16,000 18,000 6,200 12,000 4,200 970 3,700 154,917
S pond u 39 U U 790 97 2,600 1,300 660 1,300 1,900 530 1,000 800 260 660 11,981
M stream 340 460 530 590 9,000 1,500 17,000 11,000 6,100 7,900 11,000 3,100 6,900 2,700 420 2,100 80,640
L stream 56 150 300 280 3,300 820 5,100 3,700 2,100 2,100 2,400 840 1,800 1,100 230 920 24,986
PAH ¢ Fraction (%)
CT lot 0.00 0.04 0.19 0.20 6.3 0.53 229 154 6.2 12.3 171 4.1 8.1 25 0.4 1.9 100
Mixed lot 0.01  0.03 0.15 0.19 5.7 0.61 21.2 13.6 6.6 111 16.8 4.0 9.6 4.2 0.8 3.6 100
Asphalt lot 0.04 0.08 0.13 0.15 6.6 0.66 204 134 6.1 10.9 15.3 5.0 8.6 54 0.6 45 100
Concrete lot 0.14 0.24 0.34 0.39 7.0 0.66 221 11.8 5.4 10.9 185 5.5 8.5 3.8 0.7 3.0 100
VS stream 0.02  0.07 0.15 0.17 5.7 0.67 215 135 6.1 10.0 13.9 4.7 8.5 5.7 11 5.3 100
S stream 0.02 0.11 0.21 0.26 7.7 0.70 22.3 13.9 6.0 10.8 154 5.0 8.1 3.5 0.8 3.2 100
S pond 0.38 047 0.38 0.38 5.2 0.66 19.0 11.0 5.4 104 16.6 45 9.1 7.7 14 5.7 100
M stream 0.30 0.63 0.47 0.51 5.9 1.2 14.0 12.2 6.1 10.2 16.7 4.6 9.7 5.7 0.7 4.1 100
L stream 0.60 1.2 11 1.2 4.7 1.9 14.0 9.9 6.7 7.8 16.0 3.2 11.0 4.5 1.0 3.8 100
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Table 3. Frequency Distribution of Relative Difference between Field Duplicates

. Mean D10 Median D90 : .

Percentile Dia. Dia. Dia. Dia. Sand Silt Clay [ Ctot Corg Cin N S P

n 13 13 13 13 13 12 12 13 13 13 13 13 13

90% 44 70 44 50 64 42 51 58 74 131 38 124 5.9

75% 41 37 27 36 39 15 18 33 33 54 26 45 4.9

median 26 10 14 23 15 6.1 10 21 26 18 14 19 15

25% 12 4.9 3.3 15 4.3 24 43 1.8 12 96 6.7 7 0

10% 7.9 0.5 1.4 10 1.7 07 15 0.5 4.9 6.2 32 6 0

Percentile Al Ca Fe Mn As Cd Cr Cu Pb Hg Ni Zn | pH |

n 13 13 13 13 12 11 13 13 13 13 13 13 13

90% 8.4 7.0 55 9.6 35 18 26 30 20 21 24 99 14

75% 5.4 5.6 3.5 5.2 24 17 14 24 13 15 80 88 14

median 1.9 2.4 15 3.3 13 12 8.1 13 8.8 0 74 53 0

25% 0.9 1.4 0.7 1.7 0 42 21 9.7 2.8 0 0 2.1 0

10% 0.7 0.3 0.1 1.0 0 0 1.1 8.9 1.9 0 0 0.9 0

Percentile Nap Any Ace Flu Phe Ant Fth Py BaA Chr BbF BkF BaP InP DahA BghiP PAH16
n 2 6 6 5 11 9 11 11 11 11 11 11 11 11 10 11 11
90% 32 63 71 79 55 43 48 48 48 52 49 48 46 43 63 50 46
75% 28 35 24 22 27 22 24 38 42 40 41 26 34 32 46 42 33
median 19 27 17 21 17 21 22 21 23 17 24 17 15 8 29 26 16
25% 11 19 13 20 13 15 14 13 10 15 13 7.2 11 6.8 4.3 7.4 8.5
10% 6.0 11 6.3 11 6.6 91 6.5 10 5.7 56 43 31 39 45 1.9 29 5.2
Analytical 9.7 2.7 3.4 2.8 15 28 21 2.9 23 80 67 10 15 14 58 1.2 4.9
Error*

* Analytical error for replicate analyses of coal tar standard SRM 1597a reported k
Wise et al. (2010)
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Table 4. Sediment Toxicity by Sediment Class

Total PAHs (PAH )

Sediment Class

>

Percent of samples in each category

<TEC | TECPEC | PEG5xPEC | >5xPEC
Sealed lot 4 100
Mixed lot 4 100
Asphalt lot 6 33 50 17
Concrete lot 4 25 25 50
VS/S stream 7 57 43
S pond 8 12 88
M stream 8 12 63 25
L stream 6 50 33 17
Total: 47 13 36 26 26 |
Chrysene (Chr)
. Percent of samples in each category
Sediment Class <DL DL-TEC | TEGPEC | PEG5xPEC | >5xPEC
Sealed lot 4 100
Mixed lot 4 100
Asphalt lot 6 67 33
Concrete lot 4 25 25 50
VS/S stream 7 29 71
S pond 8 13 74 13
M stream 8 13 50 24 13
L stream 6 17 33 17 33
Total: 47 2 11 26 27 34
Dibenz[a,h]anthracene (DahA)
. Percent of samples in each category
Sediment Class  n <DL | DL-TEC | TECPEC | PEG5xPEC |  >5xPEC
Sealed lot 4 100
Mixed lot 4 100
Asphalt lot 6 17 66 17
Concrete lot 4 25 50 25
VS/S stream 7 100
S pond 8 50 50
M stream 8 50 50
L stream 6 66 17 17
Total: 47 30 0 6 30 34
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Table 5. Particle Size Trends

sedment | ba | ba  Da D | S St Cly
Class um um um um % % %
Geomean
CT lot 89 2.2 24 278 25.1 53.5 17.5
Mixed lot 288 4.5 142 780 58.4 31.0 9.0
Asphalt lot 188 5.7 99 487 41.6 34.8 7.9
Concrete lot 280 13.0 185 596 52.6 20.1 5.5
VS stream 128 9.7 95 273 20.7 21.4 6.8
S stream 316 6.3 154 807 53.8 31.9 10.6
S pond 53 2.3 19 138 155 643 16.7
M stream 160 9.0 70 400 35.5 17.9 8.0
L stream 333 12.6 276 690 60.1 173 5.6
Maximum
CT lot 207 3.0 55 588 48.4 67.7 21.2
Mixed lot 359 6.2 275 965 66.6 420 133
Asphalt lot 375 12.8 335 922 78.8 74.9 17.9
Concrete lot 696 389 660 1092 96.1 65.7 16.2
VS stream 841 469 814 1253 100 77.3 22.6
S stream 554 14.8 600 1000 69.0 43.7 143
S pond 152 3.2 25 576 31.0 72.5 24.9
M stream 870 539 835 1250 100 71.1 23.1
L stream 674 234 623 1190 93.4 67.4 17.5
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Table 6. Carbon, Nutrients, and pH Trends

pH

Sediment Class  Ctot Corg Cin N S P Corg:N  N:P 50:50
viv

[0i-% 10i-% 10i-% loi-% l0i-% AQ-% ratio ratio | pH units

Geomean
CT lot 1356 12.11 140 0.47 0.16 0.07 26 7.2 7.3
Mixed lot 10.24 8.74 1.00 026 014 0.06 33 4.6 7.3
Asphalt lot 9.88 7.16 254 020 0.12 0.04 36 5.0 7.5
Concrete lot 491 3.88 0.60 0.16 0.23 0.04 24 3.8 7.8
VS stream 3.65 318 031 0.16 0.07 0.05 20 3.5 7.7
S stream 6.90 6.01 0.81 0.21 0.08 0.07 29 3.2 7.5
S pond 7.67 6.36 120 035 0.18 0.05 18 6.4 7.3
M stream 4.43 3.87 048 0.13 0.09 0.05 29 2.7 7.4
L stream 2.74 215 050 0.09 0.05 0.07 23 1.4 7.5
Maximum
CT lot 19.16 16.67 249 061 0.23 0.09 38.9 10.2 7.4
Mixed lot 15.12 1481 230 054 019 0.09 42.4 8.4 7.5
Asphalt lot 15.16 11.00 443 033 0.19 0.05 46.6 7.4 7.6
Concrete lot 7.12 6.91 281 048 204 0.08 48.0 6.3 8.0
VS stream 7.92 6.16 1.76 034 0.13 0.07 32.9 7.6 8.2
S stream 7.72 7.12 1.09 041 0.08 0.12 46.9 3.6 7.7
S pond 11.03 9.73 287 066 046 0.08 24.5 8.8 7.5
M stream 7.43 6.98 064 038 0.36 0.09 91.1 8.2 8.0
L stream 5.45 484 075 035 016 0.11 53.7 5.1 7.7
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Table 7. Sediment Metal Trends

Sediment Al Ca Fe Mn As Cd Cr Cu Pb Hg Ni Zn
Class
% % % ppm ppm  ppm  ppm  ppm ppm ppm  ppm ppm
Geo-mean
CT lot 0.75 106 1.27 458 5 0.9 45 48 77 0.11 12 409
Mixed lot 0.68 123 1.12 488 4 0.8 96 32 190 0.05 9 390
Asphalt lot 035 20.0 0.86 400 4 0.9 47 31 87 0.03 10 327
Concretelot 056 7.56 1.16 556 3 0.3 77 31 136 0.02 14 180
VS stream 099 3.08 1.53 688 3 0.4 43 20 54 0.03 7 260
S stream 1.64 6.44 4.07 3,786 18 0.7 94 28 181 0.04 28 274
S pond 099 114 1.20 575 4 0.9 28 43 50 0.06 12 169
M stream 1.03 8.03 211 1,228 6 1.1 43 32 64 0.07 21 214
L stream 082 555 231 1,459 7 1.4 65 20 91 0.07 24 306
Maximum
CT lot 123 162 194 1,280 9 1.2 59 65 131 0.20 14 692
Mixed lot 086 16.1 1.96 982 5 2.8 513 36 1,875 0.06 11 1235
Asphalt lot 0.5 242 131 682 5 1.6 117 43 288 0.07 15 463
Concrete lot 1.22 146 1.69 1,295 7 0.5 150 51 443 0.06 18 345
VS stream 134 123 187 813 6 0.8 98 54 249 0.07 12 720
S stream 226 119 7.78 13,850 36 1.7 129 38 204 0.05 58 324
S pond 137 195 1.68 1,820 7 2.4 46 264 60 0.07 18 297
M stream 1.81 186 5.29 5,970 26 2.6 105 67 147 0.13 39 559
L stream 1.3 9.2 4.29 4,720 19 18.9 137 36 224 0.14 52 2,800
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Table 8. Pearson Correlation Matrixes (Logo x Logio) for Selected PAHs

Parking Lot Sediment (n=23)

’ d50 Sd ocC P Al Ca Fe Mn As Cd Cr Cu Pb Hg Ni Zn
Fth -0.40 -0.07 0.66 054 0.38 0.14 017 0.00 018 041 0.02 043 0.03 0.73 0.10 0.49
Py -0.40 -0.08 0.67 0.51 0.35 0.14 0.14 -0.02 0.16 0.39 0.02 0.41 0.03 0.71 0.08 0.45
Chr -043 -0.10 068 054 0.36 0.14 015 -0.02 0.7 0.40 0.01 043 0.03 0.73 0.10 047
BaP -0.43 -0.11 0.66 0.55 0.40 0.12 0.17 0.00 0.17 0.40 0.02 0.42 0.03 0.74 0.10 0.49
InP -0.40 -0.14 0.65 054 0.38 0.09 017 0.00 019 037 -0.04 037 -0.04 0.69 0.02 047
BghiP -0.39 -0.15 0.63 0.55 0.40 0.07 0.18 0.01 0.19 0.36 -0.05 0.35 -0.05 0.67 -0.01 047
PAH16 -0.42 -0.10 0.67 054 0.38 0.13 016 -0.01 0.18 0.40 0.01 042 0.02 0.73 0.09 047

Stream and Pond Sediment (n=24)
d50 Sd ocC P Al Ca Fe Mn As Cd Cr Cu Pb Hg Ni Zn

Fth 0.34 0.23 0.28 -0.12 -0.14 0.08 0.25 0.18 0.24 -0.09 0.25 0.25 0.23 0.13 0.18 0.10
Py 0.38 0.31 0.17 -004 -006 000 044 034 044 -0.09 0.40 0.26 0.32 0.01 0.33 0.13
Chr 0.34 0.27 021 -0.06 -0.04 003 041 031 041 -009 0.37 0.28 0.30 0.02 0.31 0.12
BaP 0.45 0.37 0.13 -011 -0.04 -005 048 0.36 0.48 0.10 0.42 0.22  0.49 -0.01 035 0.35

InP 0.24 0.18 0.27 0.00 0.04 -001 043 033 047 -009 034 034 0.26 -0.07 0.30 0.11
BghiP 0.27 0.20 029 -0.01 0.02 000 042 033 045 -007 034 034 031 -0.04 0.30 0.14
PAH16  0.42 0.33 0.17 -0.08 -0.06 -001 044 034 044 0.01 0.40 0.24  0.40 0.01 0.33 0.24

* Underline= significant at >0.1 level

Bold= significant at >0.02 level
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Table 9. Log PAH16 Regression Equations

Model* R? s.e. Fr bo Log SLA%" Log TLA% Log OC% Log D50;mm
(Error of
Y est) (Y-int) bl p-value b2 p-value b3 p-value b4 p-value
For sites with Sealed Lot Area >0% (n=19)
1-p 0.790 0.549 64.1 2.05 2.26 0.000 X X X X X X
2-p 0.827 0.514 38.3 1.29 2.12 0.000 X X 1.06 0.084 X X
3-p 0.851 0.492 28.6 0.90 1.97 0.000 X X 1.01 0.088 0.395 0.139
All sites (n=22) (note: value of 1% for sealed lot area&6 used for the 3 "0%" sites to calculate log value)
1p 0.655 0.701 38 3.09 1.53 0.000 X X X X X X
1p 0.422 0.907 14.6 1.96 X X 1.88 0.001 X X X X
2-p 0.803 0.545 384 1.62 1.24 0.000 1.19 0.001 X X X X
3-p 0.855 0.479 35.4 0.77 1.05 0.000 1.23 0.001 1.19 0.019 X X
4-p 0.860 0.484 26.2 0.57 1.08 0.000 1.09 0.005 1.28 0.016 0.178 0.439

* Form of the equation: Log PAK ug/kg = b0 + (b1 x Log SLA%) + (b2 x LOGLA%) + (b3 x Log OC%) + (b4 x Log D50)

1

SLA%= Sealed lot area in the drainage area above the sample pdint (kairege area above the sample pgkrh?) x 100
TLA%= Total lot area in the drainage area above the sample poifit/Kairege area above the sample point $km100

OC%-= Organic carbon content of the <2 mm fraction of the sediment (%)

D50.,mm= median particle size of the <2 mm fraction in microns
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Figure 1. Urban SamplesSites in the Springfield Area
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Figure 2. Rural Sample Sites in Christian and Stone Counties
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